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INTRODUCTION 
Mainly for Teachers 


E are telling the truth when we say that this 
is a book for children who want to invent and 


design and make things. We have included 
nothing in it but what a normal boy or girl might find 
interesting and exciting. But teachers will see that in 
the course of the activities outlined here boys and girls 
will learn all kinds of things about measurements, 
numbers, fractions, decimals and so forth. We hope 
that this book will prove useful in the teaching of 
mathematics, particularly in Modern Schools, and that 
was in fact the original reason for writing it. 

Children often ask, "Why do we have to learn 
arithmetic?’ There are various answers—' You need it 
to go shopping', and so forth. The weakness of these 
is that they appeal to the reason alone while the 
question is not really a request for information. It 
really means ‘I find this dull’, and the only effective 
answer is one directed to the feelings. The best 
answer of all is one not of words but of action—to let 
the child embark on some activity that is unquestion- 
ably exciting, and to let it discover at some stage 
that its progress is held up by lack of mathematical 
knowledge. \ 

It is easy to formulate this theory, but the detailed 
application is much harder. One discovers that one 
cannot think of activities for which arithmetic is 
necessary. A surprisingly large proportion of practical 
tasks—in carpentry, for instance—can be carried out 
without calculation, even without measurement. If one 
drags calculations in, the whole object of the approach 
is defeated. 


x 


INTRODUCTION xi 


We found that considerable research was necessary 
to discover our applications of mathematics. One 
might visit a technical reference library, and read a 
whole book on Railway Signalling or Automobile 
Design, and only find one or two calculations suitable 
for the classroom. Most teachers are already over- 
burdened with work, and cannot possibly undertake 
such plodding research work in the time at their 
disposal. Most teachers, through no fault of their own, 
do not know how much of the subject they teach is 
really useful in everyday life, or what applications are 
made of it. The fantastic examples in the conventional 
arithmetic book ate proof enough of this. We hope 
therefore this book will meet a need. 

It should be made clear that this is not an attempt to 
foist technical education on to the schools. The impor- 
tant thing is that an application shall be exciting. The 
value of technical examples is simply that they often 
are exciting. : 

This is in no sense a mathematical textbook. We 

assume a teacher is present to explain any mathema- 
tical principles involved in the work. There are 
occasional remarks on mathematical methods, but. 
these are not regarded as complete explanations. 
' In the same way, we have had to make some reference 
to scientific principles, but we did not wish to duplicate 
existing books on science. Where we have taken some 
scientific idea for granted, reference can be made to a 
science textbook or to a science teacher, if help is 
needed. ; ` 

One of the most important parts of education is 
learning to find out. It seems to us desirable that a 
book should raise all kinds of questions, which the class 
can investigate. If the teacher does not know the 
answer, all the better: it will be a genuine search for 
knowledge. Each child should be encouraged to join 
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the local lending library, and to use reference libraries. 
It is essential that one or two reference books should 
be available in the classroom, so that children can 
acquire the habit of looking up facts for themselves, 
instead of asking the teacher. Far too many adults 
today have not the faintest idea of how to search for 
information. А : 

One problem in practical work is the extra organiza- 
tion needed for the supply of materials. Throughout 
this book (with perhaps rare exceptions) we have had 
in mind the importance of using only cheap and readily 
available materials. Where there is scarcity or diffi- 
culties of supply, the teacher should not take all the 
worry upon himself, or herself. The class (or members 
of the class selected for organizing ability) should 
investigate the question. Where is the material desired? 
Is there scrap from any local factory that might be 
used? How much does the material cost? Could some 
kind of social or entertainment be arranged to raise the 
money? Are there advertisements of cheap material in 
the local papers? In the study of such questions 
arithmetic is bound to arise—quantities, costs of trans- 
port, prices—and all against a background of reality. 
Some civic training of real value is automatically given 
at the same time. 

The more the children learn to organize their own lives, 
the more efficient the education will be. Things can go 
ahead without the help of the teacher. Different groups 
may be engaged on different tasks, so that every child 
has an occupation suited to his or her special interests 
and abilities. Often an able child will first produce a 
piece of work, which will then be admired, copied and 
adapted by other children. Anyone who has worked 
with a class along these lines will know the remarkable 
atmosphere that develops, and the interest in all kinds 
of theoretical questions that gradually appears. 
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It has been our experience that the increase of 
harmony and co-operation in a classroom brought 
about by the intimate mixing of mathematics, science 
and handwork relieves the strain on the teacher, and 
more than compensates for the effort involved in 
arranging the supply of suitable material. 


W. W. S. 


| ТНЕ 
MUSEUM OF MEASUREMENT 


HIS is a book for boys and girls who like to invent 

and design things for themselves. Most boys and 

girls like being inventors, but often you want to 
invent and you cannot think of anything that needs 
inventing. Now, of course, if we just tell you something 
to make, and you copy our idea, you are not an in- 
ventor. So in writing this book, we have tried to leave 
the details to you. Sometimes we explain how some 
machine works; you may be able to use the same idea 
to invent an entirely different machine. Sometimes we 
will say, ‘Look, don’t you think this would be an 
interesting thing to do?’ and suggest one or two ways 
of trying to do it. 

Again and again, if you are inventing something, you 
will have to ask yourself questions like ‘Will this piece 
be big enough?", ‘Is it strong enough?", ‘Is it too heavy?’ 
For instance, if a railway engine is pulling a train, 
somebody has to decide whether the engine is to be 
fastened to the train by a coupling one inch thick, or 
two inches thick, or still thicker. The designer will 
have to know that the engine pulls the train with a 
force of (perhaps) 50,000 pounds and that steel will 
stand a pull of 20 tons a square inch (with a margin of 
safety). So that even for quite simple jobs like fastening 
railway coaches together you have to know quite a lot 
about pounds and tons and inches. 

So the first part of our book is all about measure- 
ments. You do not need to read it straight through, 
but if you find yourself stuck in inventing something 
because you do not know what a square inch ог a cubic 
foot or $ inch is—look back at this section. 
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ATHLETIC RECORDS 

Measurements come into nearly everything we do, 
play as well as work. One of the pictures shows a boy 
jumping. How far can you jump? What about the 





‚ others in your class—how far can they jump? You will 
be amazed at the distance of the world-record long jump 
if you measure it on a playground or pavement. 

Another picture shows a swimmer. What is the 
world record for swimming 100 yards? How long are 
the swimming baths in your town? How long does it 
take you to swim 100 yards? 


You can learn a lot about measurement from athletic . 


records alone, if you are interested in sports. You will 
find the records given in Whitaker’s Almanack at the 
Reference Library. 


+ 
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ШШ 8 


Girls meet measurements in making or being fitted 
for clothes. 
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Three of our pictures show what happens if you do 
not bother to measure carefully. A man is in trouble 





the lady who guessed the size of her curtain rods finds 


DESIGNING AND MAKING 5 


she cannot make ends meet: the boy with the bicycle 
wheel is struggling with a tyre that will not fit. 





You will notice how often fractions come into 
measurements, 

Fractions are often supposed to be hard to under- 
stand; but really you are using fractions every day of 
your life. You will talk about: 

Half a pint of milk 

A quarter of a pound of chocolate 

Half price in the cinema 

На} fares on the bus 

Half backs at football and other games 


Try to find other examples for. yourself. One of the 
most interesting ways to do this is to collect a Museum 


6 DESIGNING AND MAKING 


of Measurement. The Museum of Measurement is made 
by collecting together all kinds of objects, to illustrate A 
the different sizes of things. 
If you visit an ironmongers you will find yourself 
surrounded by such things as shown below. 





A SPANNER x? 


+ 
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GAUGES 


How то MEASURE THE THICKNESS OF STRING 


If 12 turns of string just cover one inch of a ruler, the 
string is 4 an inch thick. 


MEASURING THE THICKNESS OF PAPER 


If a hundred sheets make a pile one inch high, each 
sheet is ły of an inch thick. 





MEASURING ÍNSTRUMENTS 


Several measuring instruments are quite easy to 
make. One of the simplest іѕ а gauge. Overleaf is a 
gauge for measuring in quarter inches. 

Slot A is i inch wide. Slot B is $ inch wide, Cis? 
inch, D is 1 inch. An object (say a broomstick, or a 
piece of rope) that is too thick to ga into slot A, but 
that goes into slot B, must be between } inch and 
$ inch thick. 
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A B 
HALF ACTUAL 


SIZE 


Gauges on this principle are used to measure the 
thickness of wire, knitting needles, etc. Gauges for 
round objects can also be made by boring holes in а 
piece of wood or metal. The gauge shown below was 
bought for 10d. at an ironmonger’s, but it would be 
possible to make one from ‘wood, if you have (or can 
borrow) drills of the correct sizes, for boring the holes. 





A simple gauge for measuring in hundredths of an 
inch can be made from a postcard, or a small piece of 
wood or cardboard. : 

The drawing on page 9 is exactly the same size and 
Shape as the actual gauge. You can take your measure- 
ments from it. The divisions on the scale are millimetres 
(you will find these on your ruler). 
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If a piece of wood fits into the gauge (as in the 
picture) and just touches the 53rd mark, it is 53 
hundredths of an inch thick. 


MicROMETERS 

When an engineer wants to measure a very small 
distance, such as a thousandth of an inch, he uses a 
micrometer. The idea is quite simple, and you your- 
selí can make a micrometer, though it may not be 
perfectly accurate.. 

The idea is this. Suppose you have a bolt with 8 
turns to an inch on it, like this: 





1 
INCHES 
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Suppose also you have a nut on the bolt, screwed up 
as far as it will go. Now unscrew the nut by one 
complete turn. You will find it is now 1 inch from the 
top of the bolt. 


2 g 


Now suppose you fit a pointer to your nut. This 
pointer will go round as the nut unscrews. Behind the 
pointer a dial must be fixed. Now we can tell how much 
the nut has turned. Suppose instead of giving it one 
full turn we only give it one tenth of a turn. The 
distance between the nut and the bolt will now be 
one-tenth of 4 inch: that is, y inch. 





You can measure still smaller lengths if you have a 
screw with more turns to the inch, or if your dial is 
divided into more than 10 spaces. 


DESIGNING AND MAKING “п 


To measure zdr inch, engineers use a screw with 
40 turns to the inch and a dial divided into 25 parts. 

You may find the following table useful. It tells you 
how many turns per inch there are on screws of different 
thicknesses. 


WHITWORTH BOLTS 


Thickness Turns to each inch 
$” 60 $ 
g Н 40 
i 20 
i 12 
i" 8 





You can easily make а micrometer from a wireless 
terminal. The only snag is that-the screw will probably 
have B.A. thread, which is commonly uséd for elec- 
trical work. B.A. thread is not based on inches at ali, 
but on millimetres (mm. for short). (See page 12). 
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B.A. Number Thickness One turn equals 
0 6 mm. 1 mm. 
1 5.3 mm. 0.90 mm. 
2 4.7 mm 0.81 mm. 
3 4.1 mm 0.73 mm. 
4 3.6 mm 0.66 mm. 
5 3.2 mm. 0.59 mm. 
6 2.8 mm 0.53 mm. 








Bacon SLICER 
The same idea is used in shops when slicing bacon. 


When the nut is screwed up tight the front piece is 
right up against the knife. When the nut is unscrewed, 
so the pointer is at 14, there is 2 inch between the knife 
and the front, so the slice of bacon is } inch thick. 


Other sizes come between 0 and 14. 


FRONT 
PIECE 


NUT 





SIDE VIEW FRONT VIEW 
DIAGRAM OF A BACON SLICER 
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Who was Whitworth, and why are screw sizes called 
after him? 

What does В.А. stand for? 

How thick is а bicycle spoke? 


Joeys 

In engineering factories it is often necessary for metal 
to be cut very accurately, perhaps to тд» Or тобоо 
of an inch. To make such accurate measurements, 
dad use slip gauges, or—as they are often called— 

oeys 

The idea of Joeys is this. Suppose we have a block of 
metal one inch long. 





] ONE INCH 
Now we cut it into ten pieces each the same length. 





Then we take one of these blocks, and cut it again into 
ten pieces. 


We could keep on doing this. One B makes ten: Cs, 
one С makes ten Ds and so on. 

With thee blocks we can make any length we want. 
We ae e 3 As, 7 Bs and 5 Cs— 


ШИШ 


А А А BBBBBBB cecce 
and push them close together. 


one А {| мАКЕЅ TEN B's | 
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The engineer would call this length .375 inch, 
because there are 3 As, 7 Bs, and 5 Cs. 


ABC 
3 7 5 


This way of measuring is known as the Decimal 
System. 

A good way to understand decimals is to make blocks 
for yourself. You can find a piece of wood yẹ inch 
thick for the As, or build a block by gluing cardboard 
together. A thick sheet of paper or a thin sheet of 
cardboard will do for Bs. 1f you want Cs you will 
have to hunt for a very thin piece of paper indeed. A 
hair is usually about .003 inch thick, that is, as thick 
as three Cs. The eardrum is about .001 inch thick—as 
thick as a C block. 

I do not expect your blocks will be very exact, but 
they will help you to understand what an engineer 
means by .375 inch or .001 inch. Try measuring your 
blocks with the gauge on page 9, or with your 
micrometer. Some things are too small even to be 
measured with ‘Joeys’ accurate to тфуу inch—for 
instance, blood corpuscles, influenza germs, atoms. 
Can you find out how large these are? 


LARGE OBJECTS 

It is also useful to be familiar with the sizes of quite 
large objects. 

What is the tallest building in your town? How high 
do you think it is? How high are most of the houses? 

How far away from school do you live? How long 
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does it take you to walk.to school? How long do you 
take to walk a mile? 

How long is your street? ; 

Which places are i mile away from your school? 
Which are 4 mile away? (And so on.) Guess first and 
then check with a measuring wheel (See Rounp 
THINGS.) ` ` 

There are plenty of large objects suitable for a 
Museum ‘of Measurement—live animals, prehistoric 
animals, aeroplanes, trains, bridges, mountains, trees, 
to mention only a few. Pictures or models will do. 


METRIC SYSTEM 

On your ruler you will probably have millimetres . 
and centimetres marked. We have already found that . 
these are used for B.A. screw measurements. The 
standard sizes of films are in millimetres—35 mm., 
16 mm. and so forth. 

Millimetres are often used for measuring small 
objects, for instance the piston of the engine in a model 
aeroplane. i 

The metric system is often used in scientific work. 

In this book we shall not use it much, but if you are 
interested in the metric system, you can make a collec- 
tion of metric measures. The metric system is used on . 
the Continent; yoü can make weights and measures 
which a French family could use for buying meat and 
wine. 


AREAS 


If you go to club dances you will sometimes find that 
the floor is crowded with people, jammed so close 
together that they cannot move, and there are still 
more people who want to.dance but cannot. After- 
wards the members will be saying to the secretary— 
“Why didn't you book a larger hali?’ 
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SUGGESTIONS FOR THE 
MUSEUM OF MEASUREMENT 









fes 


T ся, ZZ 






ROLL OF BANDAGE 
How many Inches wide ? 


iia Ü rire Grate 
| BATH PLUG How wide is your grate? 
[4 What are the standard sizei ? 





FLY 
de inch long 
„өе Inch high 
shes Inch wide 





EXERCISE BOOK  : 
How thick are the sheets of paper? STRING or COTTON THREAD 
How thick Is it ? 
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What is а larger hall? Here аге the plans of two dance 
halls. Which would hold more people? 


20 YARDS 
10 YARDS 


20 YARDS ЗО YARDS 
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(I do not know. If you want to find out, you must try 
counting the people in a ballroom and see how much 
space each couple gets.) 

We can divide the two dance halls up into square 
pieces, like this: 








ENOUGH FOR ONE 








2 COUPLE TO STAND ON 

[4 

Ў 8 
[4 

А í 
о 

20 YARDS ЗО YARDS 
400 SQUARE YARDS ЗОО SQUARE YARDS 


You can either work out or count the squares. There 
are 400 in the one hall, 300 in the other. 

So 400 couples could get into the first hall, only 300 
couples into the second. 

We say, the first hall has an area of 400 square yards, 
the second an area of 300 square yards. 

Areas are important for many things besides dancing. 
АП the things below depend on areas: 

1 The load an aeroplane can carry depends on the 
area of its wings. 

2 The pull of a locomotive or motor-car engine 
depends on ‘the area of the pistons. 

3 Making anything from cloth—a dress or a tent. 

4 Linoleum for floors. 

5 The pressure of the wind on the side of a bus 
depends on the area of the side. 

6 The cost of land, sold by the acre. 
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Things to Do 

Make a square inch, a square foot, a square yard for 
the Museum of Measurement. 

Find something (a field, an open space in a town, а 
block of houses) an acre in area. 







THIS FOOTBALL PITCH 15 
JUST OVER ONE ACRE IN SIZE 


Cut out a large number of pieces of newspaper a 
square yard in area. How many do you need to cover 
the floor of the room you are in? 

Find the area of ballrooms and the number of people 
that can dance in them. 

Find the areas of wings of real aeroplanes and model 
aeroplanes. 

How many houses to.an acre should there be in a well- 
рацио town? How many are there in the worst 
slums? 


AREAS OF RounD THINGS 


About 78 people would be able to dance in a round 
room like this: з 





Ёш 


if 100 could dance in this square one. 


с. 
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We say the area of the circle is about 44$ (or 78 per 
cent) of the area of the square. 

If you only want a rough answer, you can say the 
area of the circle is about $ (or 4, or 2) of the area of 
the square. 

If you want a very exact answer, take 0.7854 as the 
ratio. 


How AREAS GROW 


Notice that B has 4 times the area of А (not twice). 
C has 9 times the area of A (not 3 times). 


5 AW 5 


How many square feet in a square yard? Try pasting 
square feet of paper on to a square yard of paper. See 
how many you need to cover it. 


ав 
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Notice that the areas of circles grow in the same way 


as squares, To test this, cut round pieces out of wood, 
and weigh them. 


RAINFALL GAUGE 
Rainfall is often measured by an arrangement like 
this: 





The dustbin lid has a hole in the bottom. The rain goes 
through this hole into the jar below, and the height of 
the water in the jar is measured. The height of water 
` in the jar does not give the number of inches of rain 
that have fallen. If one inch of rain falls, the dustbin 
would collect this amount of water. 


ONE INCH 


4«—————— SAME SIZE AS DUSTBIN — —— — —* 
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When this water runs into the 
narrow jar, it will change its shape 
to something like the illustration on 
the left (in fact, it would be far too 
much to get into the jar.) 


To find out the proper way to mark 
the little jar, you must do some ex- 
periments. Get some jars, or tins, or 
even paper containers, and try pour- 
ing water from one jar to another— 
like this: 


PRERE 7'— 


SOME WATER THE SAME WATER IN 
А JAR TWICE AS WIDE 
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The result will probably surprise you. You can also 
Ac experiment with sand in boxes. If this box is filled with 





24 how far up will it соте? What connection is there with 
the areas of the bottoms of the boxes? 
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VOLUMES 


On October Ist, 1946, an American Super-Fortress 
landed at Columbus (Ohio). It had just flown from 
Perth in Australia, а distance of 11,236 miles, without 
stopping. 

A plane needs an enormous amount of fuel to fly so 
far. This particular plane carried 8000 gallons of petrol. 

How much space would this petrol need? Would 8000 
gallons of petrol fill the room you are sitting in now? 

You may be able to work the answers out by arith- 
metic. But first you must have a clear idea of what a 
gallon is. We must add to our Museum, things that 
hold a pint, a quart, a gallon. 

If you have а pint milk-bottle, you can measure out 
into a basin or a sink 8 pints of water. This is a 
gallon. Note how much room it takes up. 

Instead of pints and gallons, we can use cubic inches 
or cubic feet to measure volume. 


<—I'-—+-T-I- 
Т | 
Г | 





te n с 





MAKING A CUBIC INCH MEASURE 
Take a piece of paper 3 inches by 3 inches (squared 
paper is the best) and cut along the continuous lines 
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shown above. Fold along the dotted lines, and gum 
together so as to make a box. Melt some candle grease 
in a tin lid, end soak the box in the melted candle 
grease. This will make the box watertight. 





Take a jam jar and paste a strip of paper to the out- 
side. Tip a boxful-of water into the jar, and mark the 
height the water réaches. Keep tipping boxfuls of 
water in, and mark each time how high the water is. 

This jar will then measure volumes of water (or any 
other liquid) in cubic inches. 

How many cubic inches does a pint contain? 


Cubic Feet and Cubic Y ards | . 

"These always cause trouble. The best thing to do is to 
make a number of boxes, and fit them together. For 
instance, if you want to find out how many cubic feet 
there are in а cubic yard, you will need a lot of boxes 
1 foot by 1 foot by 1 foot. See how many are needed to 
make a cube 1 yard by 1 yard by 1 yard. 
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VOLUMES oF Brocks f 


How many cubic inches are there in the block shown 
here? 





Солт, TRUCK 

A ton of coal fills 45 cubic feet. (How many tons 
could the school coal cellar hold?) 

Design a coal truck to hold 12 tons of coal. Compare 
your design with actual trucks on the railway. 









BIAS 
Zi 
" mma 





Christmas Trees 


If you bring a box of earth into the house to plant a 
Christmas Tree in, you may be surprised how heavy the 
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box is when full of earth. -What does a cubic foot of 
Sp earth weigh? 
How big is a ton of earth? Would it fill an ordinary 
room? 


VOLUME INDICATOR 

You can make an indicator to show how much petrol 
there is in a container; water in a well; tea in a tea-urn, 
etc. The- idea should be clear from the sketch. 





As the liquid runs out, the float falls, and the string. 
makes the pointer turn. The dial does not turn. It is 
fixed behind the pointer. 


ANOTHER TANK INDICATOR 


FLOATING 





EMPTY 
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Pour a gallon of water into the tank. Mark where 
the pointer comes. Pour another gallon in, and make 
another mark. Keep doing this until the tank is full. 

Will the marks be evenly spaced? 


PETROL TANKS 
At the side of a lorry you can usually see the petrol 
tank. Ask the lorry driver if you may measure it. How 
many cubic inches does it contain? How many gallons? 
How far can a lorry go on a gallon of petrol? How far 
can this lorry go without stopping for petrol? 





VoLUME OF A ROUND Tanx 

Sometimes petrol tanks are round. A tank like the 
one shown here holds about 4 as much as the box shown 
by the dotted lines. 
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Hot Water Boilers 
How long is your bath? How broad is it? How deep 
do you like the water to be when you have a bath? 
How many cubic feet of water do you use? : 
Design a boiler or hot-water cistern to hold enough 
water for a good bath (boilers and cisterns are usually 
round). $ 


WEIGHTS : 
Making Your Own Weights 

You will need weights for many experiments. It is 
not necessary to buy a set of weights. You can collect 
your own——scrap iron, iron washers, stones, brick, etc.— 
anything will do. You will need to borrow some weights, 
of course, while you weigh your stones (or whatever you 
are using). But once you have found a stone weighing a 
pound, and so on, you can mark the weights on the 
Stones and keep them for your own use. Scales are very 
easy to make. The picture shows a cheap way of making 
scales. You can do very accurate weighing with home- 
made scales. ? 





WEIGHING MACHINE ; 
This works on the same principle as the weighing 
machines on railway stations or in chemists’ shops. We 
have a long piece of wood. A big screw or nail goes 
through it near one end. There is a little platform to 
stand on, and a weight slides along a bar. The weight 
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of the platform and the barshould be adjusted so that the 
machine just balances with the sliding weight off the bar. 





When we made a weighing machine we used a 10 lb. 
weight for sliding-along. The platform was fastened to 
the wooden bar by an old piece of gas piping. If you 
pushed the weight right along to the end of the bar, the 
platform would fly up into the air, even if a boy or girl 
was standing on it. So we fixed pieces of wood above 
the platform to stop it rising more than an inch or so, 






THESE ARE TO STOP 
THE PLATFORM FLYING 
р UP INTO THE AIR 


One day a very heavy girl broke the piece of gas 
piping, but we managed to mend the machine by using 
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a large number of pieces of thick string. We found out 
what weight would snap one piece of string, and then 
we worked out how many were needed to bear the 
weight of a person. : 

I hope the sketches on page 30 will show how you tell 
a person's weight from the machine. The heavier the 
weight on the platform, the further out the sliding 
weight must go, before the platform rises. 

You can make weighing machines on the same plan 
for small objects—for instance, for weighing letters, 
or mice, Ж 


WEIGHTS PULLING AND PUSHING 


Later on we shall be trying to invent a machine to 
turn the taps off when enough water is in a bath. To 
do this, we shall need to know what weight you have 
to hang on a tap to turn it on and off. Try it and see 
for yourself. (Of course different taps need different 
weights.) 





TIN WITH 
WEIGHTS 
IN IT 





A similar question: what weight do you haye to hang 


‚ on an electric light switch to turn it on? The weights 
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should be put into the tin gently. You will find that a 
smaller weight dropped suddenly into the tin will turn 
the switch on. 





A CHILD CAN WORK IT 


Some advertisements for machines say: 'A child can 
work it.’ What weight can a young child (say 3 years 
old) lift easily? What weight can a boy or girl of 12 
lift easily? 


If you have a magnet, what weight of iron will it 
lift? 


How much can you lift with an electromagnet and 
an ordinary flashlamp battery? 
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WEIGHTS FOR THE MUSEUM 
You will easily find objects weighing an ounce, a 


. pound, a stone (14 1Ь.). You also want to get some idea 


of larger weights. What do you think a bus weighs? 
Or a railway carriage? It is easy to find: out—the 
weights are marked on them. 

If you buy sand by weight, the lorry that brings the 


sand will have its weight marked on it, so that the 


lorry and the sand can be weighed together, and the 
load checked by subtraction. What weight of sand is 
needed for a children's sandpit? 

What does an elephant weigh? A new-born rabbit? 
(See Farm Figures published by the Young Farmers’ 
Clubs.) | 

The weight of air may surprise you. 124 cubic feet 
of air weigh a pound. Work out the weight of air in 
the room you are in. If air were not so heavy, it would 


be impossible for balloons and aeroplanes to fly. 


OF WEIGHTS 





MEDICINES ARE OFTEN MIXED BY ; 
WEIGHT- so ara gunpowder, cakes and cement, | 








WEIGHING GOODS ATA 
RAILWAY STATION 





MARKED Тһе weight of the load can 


bo found by welghing 
the lorry and load 
together. 











TESTING THE 
STRENGTH OF 


COTTON THREAD 
What weight will snap tho thread? 





Í ym 
| 


[| 
ШШ 


| 














DESIGNING AN AEROPLANE 
ow strong must each part of the aeroplanes 
:? How much will the fuel welgh? What 
ad is to be carried? How large must the 
ings be to carry such a welght? 


RAILWAY CARRIAGES HAVE : 
THEIR WEIGHTS MARKED | 
Tho engine must not be expected to 

pull too big a weight uphill. 
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CLIFF RAILWAY 

At some seaside resorts there are cliff railways that 
work on the idea shown here. 

There are two carriages. Each carriage has a water 
tank underneath it. The two carriages are connected 






PARTLY 
WHEN GOING 





by a cable so that when one carriage is at the bottom of 
the cliff the other carriage is at the top. 

There is a water supply at the top of the cliff. "When 
а carriage arrives at the top, the conductor fills up the 
tank until it is full of water. 

When the conductor in the other carriage, at the 
bottom of the cliff, is ready to come up, he lets water 
out of his tank. After a little while the top carriage 
will be heavier than the bottom one, and the carriages 
will start to move. As soon as this happens, the con- 


D 
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ductor stops letting the water out. Special brakes are 
provided to stop the carriages going too fast. There is 
a telegraph and a system of signals by bells so that each 
conductor knows what the other is doing. 

The most difficult situation would be if the bottom 
carriage were full of people and the top carriage were 
empty. There must be enough water in the tank of the 
top carriage to overcome the weight of the people in 
the bottom carriage. 

Can you design a cliff railway to take up to 20 people 
in each carriage? How are you going to find out what a 
cubic foot of water weighs? How many cubic feet must 
your tank hold? What does an average person weigh? 


RAFTS, SHIPS AND OTHER FLOATING OBJECTS 

If you have ever tried to make a raft you will prob- 
ably have noticed that often the raft looks all right and 
seems to be floating all right but the moment you step 
on, either the raft upsets or it sinks. 








To prevent this, you need to understand something 
about how things float. 
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The important thing is the size of the hole made in the 
water. If a ship makes a big hole in the water, it can 
carry a heavy load. If it makes a little hole, it can only 
carry a light load. 

You can test this for yourself by making model boats 
and finding what weight will sink each boat.. 

Even simpler, you can use tin cans. Collect a lot of 
tins, and find out what weight each can will support 
when it is nearly sinking. Make a note of the weight 
that each tin can carry. os 





Now take the tins; fill each with water, and weigh 
Do you notice anything? 

_ Also measure the number of cubic inches that each 
tin holds. Is there any simple connection between the 
volume of the tin and the weight that nearly sinks it? 

This question is important for designing a raft be- 
cause the usual way of keeping a raft up is to fasten 
large tins (oil drums) or barrels to the raft. How many 
з crum s are necessary to support the weight of two 

oys? і 

In designing a ship it is usual to allow 42 cubic feet 
for every ton the ship has to carry (the weight of the . 
ship must be included, of course). Naturally the ship 
must not be so low in the water that it is just on the 
verge of sinking. How much safety margin does this 
rule allow? 
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Pontoon BRIDGE 

If you had to make a pontoon bridge for motor cars 
to cross, how large would you make the floats? How 
far apart would you put them? 


PONTOON 
BRIDGE 






How large would you make a ferry boat to carry 
motor cars over a river? 


Stability —What I have told you above shows you 
how to stop à raft or a ship from sinking: it does not tell 
you how to stop it turning upside down. I cannot give 
you any simple rule for this, but I would advise you to 
experiment with models until you can feel which 
designs are satisfactory. 


BALLOONS 

Just as a ship floats in water, so a balloon floats in 
air. The important thing is the size of the hole in the air. 

If you could make a hole in the air of 124 cubic feet, 
this would enable you to lift a weight of 1 Jb. (compare 
page 33). But of course in practice we cannot make the 
space completely empty: we have to make a small 
allowance for the weight of the gas in the balloon. 


Air Balloons 

If you cannot get a gas balloon, you can experiment 
with fire balloons. These depend on the fact that hot 
air is lighter than cold air. The weight the balloon can 
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lift depends on how much hot air you have under the 
covering. 





A HOT-AIR BALLOON 


ANOTHER WEIGHING MACHINE 

In this machine you will notice that a float acts like a 
spring. This is an idea you may find useful for other 
machines, if you are short of springs. 





An even simpler weighing machine can be made by 
taking a tin can, and marking on the side how deep it 
sinks into water when 1 oz., 2 oz., 3 oz., etc., is inside. 
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This picture suggests a way to make a Strength ` 
Testing Machine. The float can be fairly small, pro- 
vided it is on the long end of the lever. 





TIME 

Very few people know how long a second is. It is 
quite interesting to get your friends to stand with their 
backs to a clock, and try to guess when ten seconds or 
thirty seconds, or a minute have passed. Usually they 
guess far too soon. 

Our wireless set takes 50 seconds to heat up. It is 
amazing how long this time seems, and how much you 
can do in it. 

If your clock has not a seconds hand on it, the easiest 
way of timing seconds is to make a pendulum. 


PENDULUM 

The length of the pendulum is measured from the 
pin to the middle of the metal. 

Here is a table of lengths of pendulums to give 
different times. 

As you see, the pendulum has to be quite long to give 
3 or 4 seconds. You may manage to make pendulums 
as big as this to hang from upstairs windows, the roof 
of a big hall, or a castle tower. 
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i. Length Time of Swing 
E 24; inches + second 
93 inches $ second 
2138 inches 2 second 
39 inches 1 second 
13 feet 2 seconds 
29 feet 3 inches 3 seconds 
52 feet 4 seconds 
A 
{ 
2 Second 
k —— Pi S 
<—Thread 
A emalL piece 
of metal, ov 
шее ш 
. т { Second 
Uses of Pendulums 

To time races. 

To find how far away a thunderstorm is: one mile for 
every five seconds between the lightning flash and the 
sound of thunder (There is a similar effect in watching 
cricket matches —you see the bat hit the ball, and you 
hear it later). f 

А. Timing echoes. 


Taking your pulse. 
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METRONOME 

The small weight can be fastened in different posi- 
tions on the bar. When it is near the axle, the instru- 
ment gives rapid beats. When it is far from the axle, 
the beats are slow. 






KNITTING 
NEEDLE te e. 
OR NAIL Ф SMALL 


LARGE “< 
WEIGHT 


Using your pendulum, you can mark in the positions 
where the small weight has to be put to give 30, 40, 50, 
60,... beats a minute. 

Musicians use an instrument similar to this for 
beating time. It gives a click each time it swings. Can 
you adapt this design so that the metronome will give 
clicks, and still run correctly and keep swinging for à 
long time? (Not easy.) 


es 
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WATER CLOCKS  . 
Asimple form of water clock is shown above. It costs 
nothing to make. . f 
As the water runs out of the tin, the float sinks, the 
string causes the cotton reels to turn, and the pointer 
moves (usually in jerks). 


Things to Study 

1 Does the water run out at a steady rate? 

2 What is the effect of having larger or smaller 
cotton reels? 

3 How long does it take to empty the tin? 

Can you make a clock that will show when a lesson 
is finished? - 

Can you make one that will run all day? 

What about an egg-timer? 


Time BOMB OR ALARM CLOCK 

In the next diagram, AB is a strip of wood, with a 
block of wood fixed to it at B. AB balances like a see- 
saw on the top of the tin. The point D is hinged to the 
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tin by string, or gummed paper. CE is another strip, 
hinged to the tin at C. 

As the water runs out, A falls and B rises. After a 
certain time the block at B will cease to support the 
strip CE. The strip CE will fall. In falling it can be 
made to turn a' switch, or strike a bell, or whatever 
you like. 

Can you design a machine to pull the bedclothes off 
you at the correct time in the morning? 


ELECTRIC CLOCK 

Some electric clocks work on the principle of the 
synchronous motor. Such clocks are only suitable for 
A.C. mains. 

Suppose the mains are 50 cycles per second. The coil 
becomes magnetized twice in each cycle, since there 
are 100 pulses of current per second and the iron ‘is 
magnetised 100 times a second, giving to the wheel an 
impulse every one hundredth second by attraction 
between pairs of opposite teeth. Provided that the 
cog wheel is first set in motion so that it takes one 
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IRON COG WHEEL 


hundredth second for one tooth to occupy the position 

of the next, the wheel will run smoothly. If the cog 

. wheel is spinning a little too fast, the magnetic pulls will 
the 


slow it down. If it runs a little too slowly, 
will speed it up. 

If you want your cog wheel to turn 4 times a second, 
you must put 25 teeth on it. · 

You can decide how many teeth to use in designing 
an electric doek by.the rule. 

Number of teeth x revolutions a second =100. 

This rule only holds for 50 cycle mains. 


pulls 


FALLING WEIGHTS 

Another way of timing a second is by dropping 
weights. Ifyou measure a height of 16 feet above the 
ground, anddrop a weight from this height, it will take 
a second toreach the ground. 

If you drop a weight from a height of 4 feet, the time 
is 4 second. From 1 foot, } second. 
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A 
0 А 
1 -$ second 
4 $ second 
9’ $ second 
16' 1 second 
64’ 2 seconds PN 


144' 3 seconds 
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There is a simple rule in this table. Can you find 
what it is? The height of a cliff or a building may be 
found by throwing a small stone from the top and seeing 
how long it takes to reach the ground. 


GOVERNORS 

A gramophone disc is made to turn at a steady speed 
by means of a governor. This is a device that applies a 
brake whenever the disc is turning too fast. 

A lighthouse also has to keep accurate time, since 
sailors identify the lighthouse by the time between its 
flashes. In some lighthouses the mechanism is driven by 
a falling weight, and the speed is controlled in exactly 
the same way as in a gramophone. 





The type of governor used in a gramophone is not 
easy to make. You may be able to invent a simplified 
form suitable for making at home. 

One way of getting round the difficulty is to use a 
paddle wheel, as shown on the next page. Try some 
experiments with this idea. Does it make the weight 
fall steadily? 
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М 
Falling, Water. or other liquid 


AUTOMATIC TRAFFIC SIGNALS 


I shall suggest only the main idea, leaving all details 
to you. In the arrangement shown, the wooden wheel 





Wooden Wheel Battery 


turns steadily. A metal plunger presses against the 
side of the wheel. There is a metal strip on the side of 
the wheel. For part of the time this makes contact 
with the plunger. When this happens the lamp lights, 
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When the wheel has turned far enough, the plunger 

will no longer touch the metal strip, and the lamp will 
о out. 

ӯ For a traffic signal we need three lamps, red, amber, 

green, and each of them will require an automatic 

switch, so designed that each goes on ог off at the 

correct time. 

Besides designing the switches, which can all be 
mounted on the same wheel, we must also find some 
way of making the wheel turn steadily. You may have 
a gramophone or an electric motor, or you may use the 
‘liquid governor’ described earlier: 

Of course there are many other ways of switching the 
lights on and off. You might instead use a cam, as 
illustrated below. Or you may have some quite new 
idea of your own for this purpose. 





Cam WHEEL 7 

The wheel has а bump оп it. When the bump comes 
into contact with the springy piece of metal it, closes 
the switch. 
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CAMERA SHUTTERS 


One of the most delicate and skilful jobs in industry 
is to design the shutter of a camera. With a good 
camera you can таке an exposure of +} second, 
жї Second, тф second, ду second, 4 second, 44 second, 
% second, 4 second, or 1 second. All these times 
will be quite accurate. 

You may like to try your hand at making a rather 
crude type of shutter. This consists of a wheel of card- 
board fastened to a reel of cotton. A weight causes the 
reel of cotton to turn. A slot is cut in the cardboard. 
Behind the cardboard there is an opening in another 
sheet of cardboard—the opening is shown dotted. 
When the slot passes in front of this opening it will be 
possible for light to shine through for a short while, 
By choosing the length of the slot correctly, you can 
allow the light to shine for 1 second, $ second, yy 
second or whatever you like. 
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Bear in mind that the weight falls faster and faster. 
(If you like, you can study just how it does fall.) 

If you can arrange a "liquid governor' to make the 
wheel turn steadily, the designing becomes simpler. 





Wheel esi 

PERSISTENCE OF VISION 

Make a spiked wheel as shown in the illustration, and 
place it in front of a lamp so that the spikes hide the 
lamp when they pass in front of it. If you turn the wheel 
slowly, you see the light go on and off. But if you turn 
the wheel fast, you seem to see the light all the time. 
This fact is the basis of moving pictures. How quickly 
must the light flash on and off, if there is to be no 
‘flicker’? ; 


MEASURING REACTION TIMES 

1f you are driving a motor car, and suddenly some- 
body dashes in front of the car, it takes a certain time 
for your brain to realize what is happening and to send 
out orders to your muscles. A certain time passes 
before you put on the brake. This is called your 


E 
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‘reaction time’. Some people who are ‘slow in the 
up-take’ have quite large reaction times. 

Here is a suggestion for measuring reaction times. 
In the picture the boy who is having his reaction time 
tested, sits with his back to the machine. His friend 
waits for a bit, and then leans on the long wooden bar. 











This makes the pencil press gently against the spinning 

wheel. It also closes a switch and starts a bell ringing. 

As soon as the bell begins to ring the first boy must 

press his end of the bar down. This stops the bell 
‘ringing and takes the pencil off the wheel. 

By looking at the pencil line on the wheel you can 
work out how long the boy took to answer the signal. 
Of course you must know how fast the wheel is spinning. 
Once more, a gramophone motor would come in 
handy. i 
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Fuses 
Have you ever tried making fuses? You can use 
string, or twisted paper as on the end of a firework. 
The first thing to do is to find how quickly your fuse 
burns. Take some string and set one end of it on fire. 
How quickly does the fire move along the string? Take 
some more string of the same kind and repeat the 





experiment, to make sure that the string burns 
steadily. What lengths of string are needed to make 
fuses that will burn for 1 second, 10 seconds, 20 seconds? 
Can you improve your fuse by first soaking the string 
in a solution of saltpetre, and then allowing it to dry? . - 
Does it matter whether the string hangs down from 
a nail, or lies on the ground? 


ROLLING FLYWHEELS 


Take a round piece of wood and drive a fine round 
nail or knitting needle through the centre. Let it roll 
on a curve as shown in the illustration. It will roll 
backwards and forwards. Find how long it takes for 
each journey. 

Make some more flywheels, using different sizes of 
wheel. Also try using thickernails through the middle. 
Does it make any difference to the time of a journey? 
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If you wanted the time to be as long as possible would 
you choose: 

(1) a large or small circle of wood? 

(2) a thick or a thin nail in the middle? 


MusicaL TIME 
d can stand for any length of time. 
d stands for twice as long. 
е Stands for 4 times as long. 
Ау А 4 as long. 
J^ Е + as long. 


SPEED 

It may seem strange to talk of putting speed into a 
museum, but in fact speeds are very suitable for our 
Museum of Measurement. You often hear people talk- 
ing about—say 30 miles an hour. But do you know 
what 30 miles an hour is? Could you move your hand 
at 30 miles an hour? If you picked up a small pebble 
and threw it, how fast would it move as it left your 
hand? How fast does a plant grow? How fast does a 
model aeroplane fly? If you get a dozen people to guess 
the answers to these questions, you will get very - 
different answers. You will find it interesting to guess 
the answers yourself, before you start to measure and 
work them out. 
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HOW FAST CAN A DOG RUN? 

A useful thing to know is that 2 miles an hour and 
1 yard a second are very nearly the same thing. 

With a pendulum, or a watch with a seconds hand, 
try timing . i 

(1) someone walking slowly, 

(ii) someone in a walking race, 
(iil) someone running, 
S а dog running, 
v) a motor car on the main road, 
(vi) а model aeroplane flying. 
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TETHERED AEROPLANE 


Another way of getting an idea of how fast.a model 
aeroplane flies is to arrange for the aeroplane to fly 
round a pole in circles. You wind the elastic up and 
let go. Count how many times the aeroplane goes round 
the pole in (say) 5 seconds. You can work out the speed 
from this. ` : 


Note—The distance around the circle is a little more 
than 6 times the distance of the aeroplane from the 
pole. This rule is useful for all questions where things 
move in a circle. You can check it by measuring for 
yourself. 





Arm WAVING 


. How many times can you wave your arm right round 
in 10 seconds? How long is your arm? How many miles 
an hour does your hand move? 
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SPEED MACHINE ; 

A machine for making things move fast. If you 
count how many times the handle goes round in 10 
seconds, you can work out how fast the small block is 
moving. (See note on page 56 for principle used.) 





The small block should be made so that it can be 
clipped on at any required distance from the centre. 


FALLING BODIES 
If you drop a stone 


Jrom a height of - It hits the ground at 
feet Feet a second Miles an hour 
1 8 About 5$ © 
4 . 16 » 11 
9 24 » 16 
16 32 „ 22 
25 40 » X 
36 48 » 33 
49 56 » 38 
64 64 » 44 
81 72 » 49 
100 80 » 94 


This table works backwards as well. To throw a ball 
16 feet straight up into the air you have to give it a 
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speed of 22 miles an hour. How high can you throw a 
ball? | Pes 


al 






THROWING SPEARS 
AND OTHER THINGS 






A different table is needed for things that do not go 
straight up or down—for instance a spear, or a stone, 
or a cricket ball, thrown in the ordinary way. 
An object will go the greatest possible distance if 
you throw it at an angle of 45°. (See page 69 for « 
'Angles'.) 





HOW TO MAKE A BALL GO AS FAR AS POSSIBLE 


The distance it goes can be worked out by the rule 
below. 

Write the speed in feet a second in each of these 4 
squares. 


2 


Work the result out. This gives you the distance 
in feet the object will go before it hits the ground 
again. 


Example Suppose you throw a stone at 24 feet a 
second. How far will it go? ` 


Solution Write 24 in each of the squares. This gives 
24 x 24 + 32 


Work this out. 
24 x 24 + 32 = 18 


Answer The stone would go 18 feet. 


PATH OF A STONE IN THE AIR 


If you make a table showing what happens for various 
speeds, you can use it backwards—starting from th 
distance, you can find the speed. : 
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The following are World Records (1948): 


Putting the Weight 57 1" 
Throwing the Hammer 193’ 63” 
Throwing the Javelin 258’ 23" 


About how fast would these things leave the hand of 
the champion thrower? (Don’t bother about the 
inches!) 


Note—The rule given above does not work for very 
fast-moving objects, such as bullets or shells from guns, 
owing to air resistance. 

Also, it does not allow for the height of your hand above 
the ground. This makes the results for very short 
distances rather silly, but for reasonably long distances 
the mistakes are not serious. . 


SQUIRTING WATER 


Hosepipes 

The rule just given works for water from a hosepipe, 
or rubber tube. You can find how fast the water comes 
out of the hose, by seeing how far you can squirt the 
water. For the best results, the nozzle of the hose 
should be on the ground. 





MEASURE THIS DISTANCE 


Another way of estimating how fast water comes 
from a hose or tap is to make it turn a light water wheel, 
and count how many times the wheel turns in (say) a 
minute. 
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Water Flowing from Small Hole 


If you have a tin with a small hole in the side it is 
easy to find the speed at which water comes out of the 


M hole. 





MEASURE | 
‘DISTANCE. 
Put the tin so that the hole is 1 foot above the ground. 


> Measure the distance shown: Multiply by 4. This gives 
the speed of the water—so much a second. 
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Example If this distance is 9 inches, multiply- 
ing by 4 gives 36 inches, or 3 feet. So the water 
is coming out of the hole at a speed of 3 feet a 
second. І 


What do you notice as the level of ће water in the 
tin gets lower? | 


Speeds for Cutting Metals 

In an engineering workshop, it is found that there is 
a best speed for cutting each metal. On a lathe steel 
may be cut at speeds from 40 feet a minute to 80 feet 
а minute, according to the type of steel. Brass may be 
cut at 200 feet a minute. (See Odhams’ General 
Engineering Workshop Practice, or any similar book, for 
further details.) 


Motor Driving 

One day you may be driving a motor car or a bus or 
alorry. Perhaps you are in a car that will go at 50 miles 
an hour. In front of you, a bus is travelling at 30 m.p.h. 
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You want to overtake. How long do you think it will 
take to pass the bus, and what stretch of road needs to 
be clear before you can safely do it? Guess before you 
work it out. The simplest way of finding out is to make 
little models to scale, and move them along. Each move 
could represent what happens in th second. Use the 
rule we had earlier—2 m.p.h. is about 3.feet a second. 
So 50 m.p.h. is about 75 feet a second, or 74 feet in 
Hth second. 

You can study what length of clear road is necessary 
for one car to pass another, or for a car to pass a lorry 
with a long trailer. Generally it is more than you 
would think. It may save your life one day to know the 
proper answers. 


RAILWAY SIGNALS 
In the picture, the engine driver cannot see the Bund 
owing to a puff of smoke. 
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To meet this danger, signals are so placed that they 
can be seen for several seconds before the train reaches 
them. If an express travels at 60 miles per hour, and 
the driver needs to see the signal for 5 seconds, how far 
away must it be possible for the signal to be seen? 


Railway Speed Records 


From time to time news of locomotive speeds is given 
in The Railway Magazine. Неге are some details of 
record-breaking runs, made in 1937. 


L.M.S. Engine 4-6-2 No. 6220 Coronation. 
Load 8 carriages, weighing 270 tons. 
Details taken between Stafford and Crewe. 


Times 
Miles to Euston Minutes Seconds 
148 123 16.8 
148+ 123 37.6 
149 123 58.0 
1494 124 7.8 
150° 124 27.0 
1504 124 460 
151 125 4.6 
1514 125 292.8 
152 125 40.4 
1524 125 57.8 
153 126 14.8 
1534 126 31.4 
154 126 48.0 
1544 127 4.4 
155 127 20.6 
1554 127 36.6 
156 127 52.6 
157 128 27.0 
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L.N.E.R. Engine 4-6-2 No. 4489 Dominion of Canada. 
Load 9 carriages, weighing 320 tons. 
Details taken between Grantham and Peterborough, 


Miles to King’s Cross Times 
97 ' 15 minutes 19 seconds 
96 15 2 59 , 
95 16 P. 38 , 
94 17 3» 15. 5 
93 17 2; 51 ,, 
92 18 is 26 ,„ 
91 18 » 59; .,, 
90 í 19 5 324 ,, 
89 20^ , 6 , 
88 20 i 44 , 


How fast were these trains going? . 
Have these records been broken again, since 1937? 


Other Suggestions 
There are many more speeds you may measure—how 
‚ fast a snail moves: the speed of a stream or river (by 
watching a floating stick): the speed of the wind (using 
balloons or some very light object that will float in the 
air): the speed of animals: of trains. Other speeds you 
may learn by reading about athletic records, aeroplane 
and motor-car speeds, etc. I have read somewhere that 
the moving staircases in London Underground Railways 
normally move at 2 feet a second. . 


To FIND THE Horse POWER OF A PERSON OR MACHINE 
Often people do not realize how easy it is to find the 
Horse Power of a machine, or ап animal or a human 
being. . А . 
Horse Power measures how quickly you can lift a 
weight. Your Horse Power (H.P. for short) depends on 
1 How big the weight is 
2 How fast you can lift it. 
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Suppose you can lift a weight of 22 Ib. at a speed of 
5 feet a second. We multiply the two numbers together. 
5 х 22 = 110. This number is a measure of your 
power. 





. The measure of a horse’s power is 550—or it is sup- 
posed to be 550. 

Comparing the two numbers we see that five of you 
would be as powerful as one horse. So your power is 
+ of a horse's power. That is, you are rated at + Н.Р. 

You can measure your power by pulling a weight up, 
like the man in the picture, or by running upstairs. 


When you run upstairs, you are lifting your own weight. 
It is only the height you lift it that counts. 
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For instance, if the top of the stairs is 12 feet higher 
than the bottom, and you run up in 4 seconds, this 
counts as a speed of 12 + 4 = 3 feet a second. 

If your weight is 100 Ib. the measure of your power 
would be 3 x 100 — 300. 
` Comparing this with 550 for a horse, you would see 
that you were working at more than $ H.P. 

Some people say that for a very short time they can 
work at 2 H.P. 

Note—-When you lift 1 Ib. through 1 foot, you are 
said to do 1 foot-pound of work. 


1 Н.Р. = 550 foot-pounds a second 
== 33,000 foot-pounds a minute. 


Horse POWER oF A WATERFALL 
To find the power of a waterfall you must measure 
- two things 
(i) the height of the waterfall in feet 
(i) the number of pounds of water that cross it 
in each second. 





Multiply these together and divide by 550. 
If you could make a perfectly efficient mill wheel, all 
this power could be turned into useful work, but in 
: practice onecan only obtain $ or as much. 
к 
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POWER FROM WATER TAPS 

Suppose you want to drive a small water wheel from 
a kitchen tap. How much power can you expect to 
obtain? . 

Fix a small rubber tube to the tap, and make the 
water flow straight up. The height it rises is called the 
head of water. 


HEAD OF WATER- 





Remove the rubber tube, and measure how many 
pounds of water come out of the tap each second—I 
found our kitchen tap would fill a pint bottle in 3 
seconds, and . 


A pint of pure water. 
Weighs a pound and a quarter. 


Multiply the head in feet by the number of pounds a 
second; and this gives the power in foot-pounds a 
second. It will probably be so much less than 550 that 
it will be hardly worth while to turn it into Horse Power. 
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ANGLES 
If you have a gun, you may put it like 


ie 


this or this or this or even this 


When a soldier or sailor is aiming a gun it would be 
possible for the officer to say to the man, 'The gun is 
not pointing in the right direction. Put it a little 
higher—no, that's too high—yes, that's about right.’ 

is would take a long time, and would obviously not 

be a good method. : ; 
‚ The method actually used is based on the idea shown 
here. The officer will say ‘55’, and the gunner will turn 











- a handle until the pointer is opposite the number 55. 
There are 90 divisions on the scale. Each division is 
; called a degree. 
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OTHER USES OF ANGLES 


A 
SOME OTHER THINGS YOU NEED ANGLES TO DESIGN ' 





WATER WHEEL 






SPOKES OF CINEMA 
A WHEEL INTERRUPTER 





Sep WHEEL ELECTRIC CLOCK 
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The same idea may be used with a telescope, in an 
observatory, for finding some star in the sky. 

Sometimes а pointer has to go right round a circle. 
On the whole circle there have to be 360 divisions (4x90). 


90 360 


180 360 270 90 


270 (A) 180 (В) 

Thesign °is short for degrees, e.g. 90° means ‘90 degrees’. 

0° and 360° are at the same place—the beginning and 
the end join together. . 

Of course, if you like, you can write the numbers to 
go round the other way, like (B). : 
This arrangement is often used for points of the compass. 
90 is East, 180 South, etc. 


Dias 


Dials form part of many instruments. The face of a 
dial can easily be marked out by using a protractor. 





For instuece, you might want-to make a dial of the 
type used in gas meters. There are ten spaces between 
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the numbers. These spaces:share between them the 
360° of the full circle. So each division must be 360? = 
10 = 36°. Accordingly wegnark 0 at 0°, 1 at 36°, 2 at 
72°, 3 at 108° and so on. : Tb" 
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AMMETER 
For а dial like the one on the ammeter, only a part 
of the circle is used. 
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Maxine A SUNDIAL 
Here 15-а. sketch of the sundial. 





The hours marked on the flat part of the sundial are ` 
` not evenly spaced. 


If we take North as 0°, East as 90°, South at 180°, 
West as 270°, the hours must be marked at the places 
shown in the table. I have worked this table out for 
8 different parts of the country—Cornwall (latitude 50°); 
Northern England (latitude 54°); North of Scotland 
(latitude 58°). You will see that where you live makes 

‘some difference but not very much. f 
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THIS ANGLE 






EQUALS YOUR 
LATITUDE 


THE UPRIGHT PART OF THE SUNDIAL 


8 a.m. 
4 a.m. 
5 a.m. 
6 a.m. 


© ONTO Qi о 
"ука нана нд нд на 
BBBBEBHHI 






we THIS EDGE MUST 


POINT TO THE 


POLE STAR 


Latitude 50° Latitude 54° Latitude 58° 


219 


234 
2513 
270 
2883 
306 
321 
335 
348 


220 
236 


ELECTRICITY 


Electrical Measurements 

ELECTRICITY is one of the most interesting things there 
is. Electrical gadgets are usually easier to make than 
ordinary machines—this is very useful if you do not 
possess many tools and a big workshop. 

I do not believe anyone can learn about electricity 
from a book. When I was a boy I tried to read books 
about electricity, and I could not understand at all 
what ohms and volts and amperes were. A little later, 
a boy I knew taught me how to build wireless sets, and 
we used to talk about wireless. After a little while, I 
found I understood how electricity worked. 

In those days, a wireless valve cost 16s. 6d. I had 
only one valve, and every time I handled it, I used to 
tremble in case I dropped it. But you could spoil a 
valve without dropping it —by ‘blowing’ it. 

‘Blowing’ happened this way. There were two sets 
of batteries used—the low-tension (or L.T.) and the 
high-tension (or H.T.). The L.T. battery made the 
valve light up. The H.T. battery was for quite a different 
purpose. 

The great disaster happened if you connected the 
ELT. battery to the L.T. The valve would then light 
up very brightly indeed, the filament would melt, and 
afterwards the valve would not light up at all. 

If you do not mind wasting a flash-lamp bulb, you can 
see this effect for yourself. 

78 


76 


DESIGNING AND MAKING 








УО 
о Ze, 
vm 


pm 











ONE BATTERY TWO BATTERIES SEVERAL BATTERIES 
the bulb lightsup avery bright light thé bulb burns out 
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AMPERES 
Any piece of wire will melt if a big enough electric 

current passes through it. 
This is one way of understanding how strong a current 
is. Currents are measured in amperes—amps for short. 
: A current of 10 amperes will melt a copper wire 4th 


‘of an inch thick. 
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Уол5 ul 

If you are buying a battery, the man serving you may 
ask, ‘How many volts?’ 

A single cell in a dry battery gives 14 volts. 





A battery marked 3 volts will contain two cells joined 
in series, like this: 





A 44-volt battery will contain 3 cells and so on. 

Often when а 44-volt battery seems to be worn out, 
only one of the cells is really used up. If you cut the 
battery open, you can often make a quite useful 3-volt 
battery by joining together the two good cells. 


Онмѕ 


For practice in sending Morse code it is easy to fix 
up a simple telegraph, like this : 
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When the key is pressed the lamp will light. 

This arrangement is all right for practice. But sup- 
pose you really want to send messages to a friend who 
lives a quarter of a mile away. 

You might try the same arrangement, only with a 
longer wire. 

You would be disappointed. When the key was 
pressed, the lamp would not light. . 

Why not? Because all the wire makes the current 
very weak—too weak to light the lamp. 

You can try this out.for yourself. I did, using an old 
4j-volt battery, a 24-volt bulb, and a 2d. coil of thin 
wire from an ironmongers. Here is what I found— : 


Distance of Lamp 


Рот Battery Intensity of Light 
A few inches Very bright 
1 yard . Normal 
2 yards ` Less bright 
3 yards Dim 
4 yards : Just glowing ^ . 
5 yards Very faint glow in the middle 


of the filament only 
6 yards No light at all 
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You can see, the more wire there is, the less current 
flows. We say the wire has resistance. Resistance is 
measured in ohms. 

25 yards of No. 22 copper wire have a resistance of 
about 1 ohm. 


WIRE GAUGE 


How to Order Wire 


We have just mentioned No. 22 wire. The standard 
sizes of wire all have numbers. Sometimes S.W.G. is 
put after the number. This stands for ‘Standard Wire 
Gauge’. Copper wire for electrical purposes is usually 
bought by weight. You may find the following table 
useful. 


DOUBLE COTTON COVERED COPPER WIRE 








; One Pound | One Ohm is 
S.W.G. No. | Thickness contains | resistance of 
i inches yards yards 

16 064 |. 25 140 

20 -036 79 42 

22 028 129 25 

24 922 203 16 

26 018 294 '10 

28 015 422 7 

30 012 $587 | 5 

40 005 3400 27 inches 








Iron wire has a resistance about 6 times as high as 
copper. 
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Ouw's Law 
Ohm's Law is used again and again in designing 


‘electrical apparatus. Suppose, for instance, you have 


made an electromagnet by winding 60 yards of No. 30 





Copper wire around an iron core. You connect. your 
electromagnet to a 3-volt cycle-lamp battery. 

What current will flow? 

First, we must find the resistance of the wire. 5 yards 
of No. 30 wire have a resistance of 1 ohm (see table 
above). 

So 60 yards will have a resistance of 12 ohms. 

Now we use Ohm's Law, which says 


Amperes = Volts + Ohms. 
Our battery is of 3 volts 

Our wire is 12 ohms 

-So Volts + Ohms = 3 + 12 = 


So 2 ampere will flow through Bie v wire. (Note: The. 
battery itself has some resistance. But with fairly large 
cells in good condition this may be neglected.) Я 
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Finding Volts 


Sometimes we know the amps and ohms and we want 
to find the volts. Then we use Ohm’s Law in the form 
Volts = Amperes x Ohms 


Example. 





+—————— 400 YARDS 


TELEGRAPH 


In a simple telegraph, a flash-lamp bulb is connected 
to a battery 400 yards away by two copper wires of 
No. 22 S.W.G. The bulb has a resistance of 10 ohms, 
and needs 0.3 amp. to make it light. How many volts 
should the battery be? : 

Prom the table, 25 yards of No. 22 copper wire 
correspond to 1 ohm. 

We have two wires, each 400 yards long. Total length 
of wire = 800 yards. 

Resistance of wire = 800 + 25 = 32 ohms. - 
There is also the bulb, with resistance 10 ohms. 
Total resistance = 32 + 10 = 42 ohms. 
To make the bulb light, the current must be 0.3 amp. 


Volts = Amperes x Ohms 
; = 08 x 42 
Volts — 12.6. 


Probably a 12-volt battery (8 cells each of 14 volts) 
would be near enough. | 

A battery of 9 cells (134 volts) or 10 cells (15 volts) 
would be on the safe side, and would work well even 
when the cells had begun to wear out. 
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Finding the Ohms І 


Sometimes we know the volts and amps and want 
to find the ohms. 


Example. 

An electric fire is to be made for use with 200-volt 
mains. The current is to be 5 amperes. How 
many ohms should the wire coil have? — 


We use the third form of the 
Ohm’s Law 
Ohms = Volts + Amps 

= 200 + 5 

= 40.. 


So enough wire should be put in the coils to give а. 
resistance of 40 ohms. 


A SIMPLE AMMETER 

It is easy to make a simple instrument for measuring 
currents. The important parts are shown in the picture. 
The little magnet is balanced on a needle, just as ina: 
magnetic compass. Normally, when no .current is 
passing through the coil, the little magnet will point 
North. When a current passes, it will swing round. The 
bigger the current is, the further round the magnet and 
the pointer will move. Now we must pass a known - 
current through the coil. Suppose we have a flash-lamp 
bulb marked: ЗУ. 0.8A. This means that a current of 
0.3 amp will flow if this bulb is connected to a 8-volt 
battery. А 


G 
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a 
LARGE COIL NORTH 
OF. WIRE- 77. 







РАУ, 


Connect up as shown. The lamp will light. A current 
of 0.3 amp is now passing, so we fix a piece of cardboard 


N, COIL CARDBOARD 
DIAL 


MARK 
^-HERE 0-3 

















L 
BATTERY 
PUTTING THE MARKINGS 

ON THE. DIAL 


under the pointer and mark 0.3 оп it. We mark 0 in the 
place where the pointer goes when there is no current. 
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The other marks are put on evenly along the edge 
like this. s 
0.5 


0.4 
THESE MARKS 
0.3 ARE SPACED 
EQUALLY ALONG 
2 THE EDGE 





If you like, you can draw lines joining these 
points to the centre of the magnet. These marks are 
equally spaced along the edge. You can make the 
instrument more sensitive by putting more turns on 
the coils, but if you do this you will need to make your. 
dial afresh. | : ` 

You will find some problems in getting your magnet 
balanced on the needle. It is up to you to find the best 
way of arranging things. | 
ө rus can make the magnet for yourself. (See page 

4. : 


WATTS 
. Earlier we found how to tell the horse power of a 
waterfall. Suppose we work a dynamo from a water- 
wheel пож much electric power can we expect to get 
out? . i 
The answer is in the rule 
1 H.P. = 746 watts. 
What is a watt? Another rule tells us 
Watts = Amperes х Volts. 
If a dynamo produced 3 amperes at 10 volts, this 
would correspond to 3 x 10 = 30 watts. As 30 is 
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much smaller than 746, this means that much less than 
1 H.P. would be needed to drive such a dynamo. 

Even less H.P. would be needed to drive a dynamo of 
the kind fitted to bicycles. Of course, dynamos are not 
perfectly efficient. We ought to make an allowance for 
energy wasted. 

Earlier you saw how to measure your own Horse 
Power. What sort of dynamo could you drive? 


MAINS TRANSFORMERS 

As you know, you can get a dangerous shock from 
touching the electric mains. By using a transformer it 
is possible to arrange a perfectly safe power supply at 
home or in a classroom. A transformer can only be used 
with A.C. mains. If you connect it directly to D.C. 
mains, it will either melt or blow the fuses. 

This illustration shows the essential idea of a trans- 


erry 


' SECONDARY 
FLASHLAMP 
BULB 
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former; (the idea only, nobody ever makes a trans- 
former just like this.) An iron-ring has two coils of 
insulated copper wire wound on to it. There is no 
electrical connection between the two coils. One coil, 
called the Primary is connected to the mains. The other, 
called the Secondary, is connected to any apparatus you 
want to drive. 

In practice the coils are wound on an iron frame built 
up from stampings. 





The primary has to be connected to the mains, and 
it must have a large number of turns on it, or some- 
thing will go seriously wrong. The usual rule is this: if 
the middle bar of the iron frame has a cross-section of 
one square inch, you must put on 8 turns for every volt 
of the mains supply. For example, if you have 220-volt 
mains, you must wind on 8 x 220 = 1760 turns— 
quite a long job todo! If the cross section of the iron 
were 2 square inches, half as many turns would be 
sufficient, and so on. 

The voltage that comes off the secondary depends on 
the ratio of the numbers of turns on the two coils. If 
the secondary has th as many turns as the primary, 
the voltage from the secondary will be j,th of the 
mains voltage. 

In our example, this would mean 176 turns on the 
secondary, and the transformer would supply electric 
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power at 22 volts, quite a safe voltage. The trans- 
former itself could be shut up in a box, and kept ina 
cupboard where no one could touch it. 

It is best to get the advice of an experienced elec- 
.trician on the thickness of wire to use, and how to wind 
the coils. Stampings can be obtained from Joseph 
Sankey & Sons Ltd., Bilston. They. аге much cheaper 
if bought in large quantities—perhaps you can persuade 
several schools to club together and order a large parcel 
of stampings. i A 


MAGNETS AND ELECTROMAGNETS 

You may have noticed in an electric bell that two 
coils are used, and that a-U-shaped piece of iron is 
inside these coils. When a current passes through the 

` coils, this iron becomes like a magnet and pulls the 
piece of iron AB, 

You will notice that the two pieces of iron nearly 
form a complete ring—rather like the ring in the trans- 
former. This is done on purpose, because magnetism 
passes easily through iron, but finds it difficult to jump 
over.an air gap. The dotted lines show where the 
magnetism has to jump through air. : 





If we only had a straight piece of iron inside a single 
coil, as shown in the next diagram, the bell would 
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probably work but not nearly so well. This is because 


the magnetism would have to make a much longer 
jump through the air, as the dotted lines show. 


Another way of seeing the effect of gaps is to take an 


ordinary horseshoe magnet, and place a piece of card- 
board as shown. You will find the magnet will not | 





pick up so large a weight as when it touches the weight 
directly. The thicker the cardboard is, the less weight 


_ the magnet will support. 
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Some magnets are strong, others are weak. How 
strongly a piece of iron or steel ismagnetized is measured 
by something the electricians usually call B. You will 
: find books on magnetism very confusing because B is 
measured in all sorts of different units—Gausses (you 
have probably heard of de-Gaussing) and kilogausses, 
Maxwells per square centimetre, or kilolines per square 
inch, to mention orily a few. I shall always use kilolines 
per square inch when I am.talking about B. 


SQUARE 
INCHES 





For a permanent magnet made of ordinary steel, the 
highest value B can have is round about 50 or 60. If 
you have a magnet, you can find how large B is by see- 
ing what is the largest weight it will lift. The rule (put 
in the language of algebra) is that a horsehoe magnet 
will lift 2 B*A/75 pounds of iron, where A is the area 
of the horseshoe ends. . 


Example. If B were 50, and the ends of the mag- : 


net were finch square, the area А = } x 1 = ty 
so 2 B? A/75 is 2% 50 x 50 x e = 4 about. 
So the magnet should lift about 4 pounds of iron. The 


other way round; if this magnet lifts 4 pounds, B must 
be 50. 
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A 
SQUARE 
INCHES 






STRAIGHT 


For a straight magnet the formula is B^A/75. There 
is no 2 at the beginning, because only one end of the 
magnet touches the iron it is lifting. 


Lifting Power of an Electromagnet ; | 
` The main difficulty in making an electromagnet is to 
find-a U-shaped piece of iron. One way of getting over 
the difficulty is to use two Whitworth bolts firmly 
clamped together, as shown in the picture. 


Ens 
‘You сап learn to design electromagnets by trial and 
error if you like~just make all sorts of different types, 
some with thick wire, some with thin, some with many 


turns, others with few turns, and so on. You can see 
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what weight each will lift, and so discover which design 
is best. If you have made an ammeter, you can 
standardize your ‘tests. by always passing the same 
current through each electromagnet. | 

You may, however, like to know how an electrical 
engineer designs an electromagnet. It may sound com- 
plicated at first—I found it so myself— but if you do it 
one step at.a time you will find it is not so difficult after 
all. I shall do my best to-separate the various ideas, 
and to explain them one at a time. : 

First of all there is the idea of ampere turns. This is 
quite simple. If you have a current of 6 amperes passing 
through a coil of 100 turns we call this 600 ampere 
turns. Ampere turns is the number of amperes multiplied 
by the number of turns. 

From this idea we now come to ampere turns per inch. 





Look at the dotted line in the sketch of an electro- 
magnet lifting a piece of iron. This line is the loop that 
the magnetism flows round. We have to guess how it 
runs in the block of iron. Next we measure (or estimate) 
the length of this dotted line. Suppose it is 5 inches. 
Then the ampere-turns divided by 5 gives us the 
ampere turns per inch. In the example above, this 
would be 600 + 5 = 120. The ampere turns per inch 
then is the ampere turns divided by the length of the 
magnetic loop in inches. 
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For the next stage we use a graph. This graph shows 
us how to find B (the quantity we talked about earlier) 
from the ampere turns per inch. 

Really we ought to have a different graph for each 
kind of material that can be used—cast iron, annealed 
iron, mild steel, cast steel, and so on. You can find | 
these graphs, if you want them, in books on electrical : 
engineering, in your local Reference Library. И 

The graph shown here is for cast iron. I have chosen 
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cast iron because it is а bad magnetic material, so that 
the iron or steel you use is not likely to be worse. This 
will save you disappointment. 

In the example we have been using, the ampere 
turns per inch worked out at 120. Looking at the 
graph we find 120 on. the bottom line, and go straight 
üp until we reach the curve. This shows us that B is 
about 50. : 

Now that we know B we finish the calculation by 
finding the weight the magnet can lift, just as we did 
earlier for a permanent magnet. 

It is important to make sure that the ends of the 
magnet are really flat. If the ends are at all rounded, 
only a very small part of the magnet will actually bein 
contact with the iron block, and the magnet will lift 
much less than you expect it to. 
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Making Permanent Magnets 

You will find that iron and mild steel will not hold 
their magnetism. They can be used in electromagnets, 
but once the current stops, or soon after, they cease to 
be magnets. 

If you want to make a permanent magnet, you. need 
to use cast steel, or some other hard steel. Hard steel is 
used for penknives, gimlets, screwdrivers, chisels and 

' other tools. These will hold magnetism well. 

It is not necessary to put the steel actually inside a 
coil. If the steel forms part of a magnetic loop, that is 
sufficient. (See the illustration.) 


HARD STEE 


m 






MAKING MAGNETS 


You should axrange, if you possibly can, to have 200 
ampere turns per inch on the magnetic loop. This will 
make a good strong magnet. If you can manage even 
more, all the better. 

You may be able to get your current from accumu- 
lators. The current only needs to pass for an instant. 
Another exciting method is to connect your coil direct 
to the electric mains, as shown here. It is essential to 
include the fuse in the circuit. 

When you switch on, the fuse will flash and melt, but 

‚ in the short time that the current passes the steel will 
have become magnetized. 
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Switch off immediately and remove the plug from the 
mains, or you may give yourself or someone else a 
serious shock. (Shocks are particularly dangerous if 
your skin is wet. They can kill you.) 

If you use a 5-amp fuse, you will know that the 
current in your coil has been about 5 amperes, so you 
can easily work out how many turns are needed to give 
a suitable number of ampere turns per inch. 





ROUND THINGS 


I was once watching a merry-go-round at a fair. A 
sentence was written round the top 


XXXXX PRESENT THE GRAND PARADE 
OF 


ALL BRITISH GOLDEN GALLOPERS 


SUITABLE FOR ALL CLASSES 


The letters were large. I was a hundred yards away 
from the fair, and I could read them easily. Each 
letter must have beeri about a foot high and nearly a 
foot wide. I was surprised that there was room for 
such a long sentence. E 

This section of this book is about the question, 'How 
much room is there on a round thing?' 

You can try for yourself designing messages to put 
on merry-go-rounds. If you write a short sentence on 
a strip of paper, you can fold it round into a small 
circle, like this 

: 96 


M 


DESIGNING AND MAKING 97 


mS 





But a long sentence will need a long strip and you will 
get a big circle, like this 





Make a lot of different strips and put them all together 
and you will see the effect of different lengths of strip. - 

In this section you will find various things to do with 
round things. You will discover that the following 
things are true: 


(1) -A longer strip means a bigger circle. 

(ii) In fact, if you double the length of the strip 
(or circumference) you double the distance 
across the circle (diameter). 

(ii) The circumference is about 3j times as long 
as the diameter. 

(iv) The diameter is about у% of tlie circum- 
ference. 
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With these rules you can make all the things in this 
section. But you can also answer questions like these: 

The earth is about 93,000,000 miles from the sun. 
The earth goes round the sun once a year in a path 
which is approximately circular. How fast is the earth 
moving? . 

A protractor is to be made so large that there is an 
inch between the degree marks on it. How large 
should the protractor be? 

The moon is about 240,000 miles from the earth. It 
goes round the earth every four weeks. How fast does 
the moon move? 

You will find questions in other sections which the 
four rules given above will enable you to solve. 
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x fX MEASURING 





If you want to measure out 100 yards for a race, or 
а suitable distance between stops on a bus route, a 
measuring wheel is often easier to use than a tape 
measure. A small wheel may be used for measuring 
. distances on a map. 

м. If you make a measuring wheel опе inch high, and 
push it along for one complete turn, you will find it 

goes a little more than 3 inches. à 





INCHES 


A wheel 2 inches high would go about 6 inches. 
4 A wheel 3 inches high would go about 9 inches. 
A wheel 4 inches high would go about 12 inches. 
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_ The driving wheels of a locomotive are 6 feet in 
' diameter. How many strokes a minute does the piston 
make when the train is travelling at 60 miles an hour? 
How many each second? 





Circumference means the length of the rim of a wheel. 
If we are told the circumference, and we want the 
diameter, we 


Multiply by 7. Then Divide by 22. (Why?) 
You can use this rule to make measuring wheels 
to measure 6 inches, or a foot. 


MEASURING CLOTH 

In some shops there is a little machine on the 
counter for measuring cloth. The idea is shown in the 
picture. As the cloth is pulled through, the wheel 
turns. In the proper machine this wheel works a set 
_of gears so that you can see how many times the wheel 
has turned. 

You may be able to make a simplified mode that 
will actually measure cloth. You know how, when a 
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speedometer is fitted to a bicycle, a little spiked wheel 
turns by one spike each time the bicycle wheel goes 
round. You could use the same idea as shown in the 
second picture. 





FAQ NATL FIXED TO LARGE WHEEL 
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Measuring Rope or Wire 

If you want a rough idea of how long a piece of wire 
is you may sometimes find the easiest way of measuring 
is to wind the wire on to a large drum, and count the 
turns. You can then find out how long the wire is, 
The method is only a rough one, because as the wire 
gets wound on the drum it makes the drum bigger. 


CHAIN WHEELS 
A bicycle chain has links $ inch long. 





xd 


How large should this wheel be? 


There are 48 spaces on the wheel, each large enough 
to hold а 4-inch link. 


DESIGNING AND MAKING 103 


EACH OF THE . 
48 DIVISIONS 


REPRESENTS 
HALF AN INCH | 





So the circumference of the ien must be 48x i inch 
—24 inches. 


Multiply by 7 
7 х 24-168 


Divide by 22° - 


Answer. The diameter of the toothed wheel should 
be 7,4 inches. 

The sprocket on the back wheel has 18 teeth. What 
should its diameter be? 

These numbers are taken from my own bicycle. 
The numbers may be different on other bicycles. Have 
a look: and see. 
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A similar problem is to design a cog to pull film 
through a cinema projector. 


MOTOR-CAR WHEELS 
Take a piece of wood and nail four wheels to it. This 
is our motor car. Make a mark on each of the back 
. Wheels, so that you can see how many times each of A 
them has turned. 





Fix a string and a nail as shown, so that when you 
push the car along, it will go in a circle, like a car 
turning a corner of a street. 
Count how many times the inside back wheel turns. 
Get a friend to count how often the outside back wheel 
turns. Е 
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You will find the two numbers are not the same. 
This is why the two back wheels of a car are not fixed 
directly to each other; instead there is a complicated 
thing called a differential gear in the middle of the back 
axle. 


DIFFERENT TYPES OF DRIVE 

Four common types of drive are shown in the 
following pictures. 

Belt drive is easily constructed. You can use cotton 
reels or you can cut out round pieces of wood for 
yourself. 

Chain drive is nearly the same as belt drive. The 
spikes prevent slipping. Chains are not very easy to 
make, but you can study how the chain on a bicycle 
works. 

Friction wheels are easily made. This idea is some- 
times used on wireless sets for slow-motion dials. 
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2. CHAIN DRIVE 4. GEAR WHEELS 


Gear wheels are used in clocks and clockwork 
mechanisms, in magnetos, in motor-car gearboxes, and 
for many other purposes. How to make gear wheels is 
described below. 

In each of the pictures on this page, the large wheel 
has twice the diameter of the small wheel. We say the 
drive has the ratio 2: 1. What is the effect of this? If 
the wheel B turns once, how many times does the wheel 
A turn? (Make models and find out for yourself.) Is 
the answer the same in each case? 


Maxine GEAR WHEELS 


Modern gear wheels need expensive machinery for 
their construction, but gear wheels of the type used in 
old windmills and clocks are. easy to make. Two old 
types of gearing are illustrated on the next page. 
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l. ANCIENT 
GEARWHEELS 


Type 1 is made by boring holes in a round piece of 
wood, and sticking small plugs into these holes. 


l. LANTERN 
WHEEL 


STILL USED 
IN CLOCKS 


Type п can be made without using wood. I have 
made gear wheels of this type out of a packet of post- 
cards and a box of drawing pins. These cardboard 
wheels work surprisingly well, and by playing about 
with them you can learn a lot about gear wheels. 
(Stronger gear wheels can be made with plywood and 

я . iron bolts, and these can be used in working models. 
The method is the same.) 
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If you want to make demonstration wheels like those 
shown above, begin by drawing a circle on cardboard. 
The radius of this circle could be, say, 13 inches. Divide 
this circle into a number of equal parts—12 is a con- 
venient number. Draw a rather larger circle with the 
same centre and cut out the cardboard around it. 
Stick drawing pins through the 12 points on the inner 
circle. The làntern wheel is now complete. pu 





LANTERN GEARING MADE FROM 
CARDBOARD AND DRAWING PINS. 


The size of the gear wheel and the number of teeth 
on it will depend on the ratio desired. If the ratio is 
2:1, there will have to be 24 teeth sticking out from 
a circle of radius 3 inches (i.e. twice 1j inch). If the 
ratio is 3: 1 there will be 36 teeth on a circle of radius 
44 inches (i.e. 3x 14 inches); and so on. 

Suppose we want the ratio 2: 1. We draw a circle of 
radius 3 inches and mark 24 points on it. Now take the 
compasses and put them on the lantern wheel in the 
position shown in the sketch. 

With this setting of the compasses draw circles around 
the marked points. The parts of these circles that you 
really need are drawn heavily—these parts form the 
outline of the teeth. — : 

Join one tooth to the next by a little loop (shown by 
the dotted line). The shape of this loop is not very 
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SETTING OF COMPASSES FOR 
DRAWING TEETH OF GEAR WHEEL 






PLAN OF 
LANTERN 
WHEEL 
important, so long as there is enough room for the pin 
of the lantern wheel. Cut out the gear wheel, along the 


outline formed by the heavy lines and the dotted lines. 
Thelantern and gear wheels should fit together like this 
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Make several sets of wheels, giving 2:1, 3:1, 4:1 
ratios for instance. 


GEAR Trains—l 

Often gears are used in sets, called tvains of gears. 
Gear A drives gear B, and B drives C. Such arrange- 
ments are used in lathes for instance. 





The gear B is called an idle wheel. This is not because 
it does not go round: it goes round all right. You will 
be able to guess why B is called ‘idle’ if you try the 
following experiment. Choose two gears for A and C— 
say A with 48 teeth and C with 24. Now try the effect 
of putting different gears for B. First take B with— 
say—12 teeth. Turn A round once and see how many 
times C turns. Now put another B in the middle—say 
one with 24 teeth. How many times does C turn now, 
for each turn of A? Try other numbers of teeth on the 
wheel B. What do you notice? . К 

In the picture B is a lantern wheel, while A and С are 
ordinary gear wheels. This is a convenient arrangement 
if you are making your own gears. But of course if you 
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have any other kind of gears—meccano gears for 
instance—you can use these. 


GEAR TRAINS—2 

You will find a different type of gear train in a clock. 
B, instead of being a single wheel, consists of two gear 
wheels fastened together. In the picture B is a large 
gear wheel with a little lantern wheel constructed at its 
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centre. The little lantern wheel A, drives the large 
wheel of B, and the little lantern wheel of B drives the 
large wheel, C. 

You can make a model of this arrangement quite 
easily. 

If there are 12 pins in each of the lantern wheels, and 
36 teeth on each of the gear wheels, how many times 
must A turn to make C turn once? 

A very interesting part of a clock to take to pieces 
and study is the gearing which connects the hour and 
minute hands, so as to make the hour hand move only 
5 minutes while the minute hand goes right round. 





VARIABLE DRIVE 

In early Ford motor cars, instead of a gearbox there 
was a mechanism based on the idea above. 

In the picture A represents a disc, such as a gramo- 
phone turntable, B is a small wheel. When the handle 
C is turned B turns, and this makes A turn. 

If the wheel B is very near the edge of A, like this— 


B 
С А 


and the handle is turned, A will revolve very slowly. 
If B is pushed close'to the centre of A, and the handle 
is turned, A will revolve very fast. 
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By pushing the handle C in, or pulling it out, you | 
can vary the ratio of the drive.. 

In the Ford cars the engine turned B, and А was 
connected to the wheels. 

This idea is also used in winding wool in textile 
factories, and in calculating machines is called the 
differential analyser. : 


BICYCLE THREE-SPEED GEAR 

Hardly anyone can understand what happens in a 
3-speed gear without making a model of it. This model 
does not show how gears are changed, but it does show 
how the gearing works. 
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The model is built on a piece of wood or thick 
cardboard, A. In the middle of A 12 nails or pins B are 
fixed so as to form a lantern wheel. Then there are four 
gear wheels C, each of which has 12 teeth. The centres 
of these wheels are fastened by small bolts to a ring of 
cardboard, D. 

On the outside is another ring of cardboard, carrying 
36 drawing pins, so that it can act as a lantern wheel. 

To see the mechanism act, start turning the ring E. 
This will make the gears C roll on the pins B, and the 
ring D will be carried round. 

If E goes right round 12 times, how many times does 
D tum? 

If a bicycle is in bottom gear, the chain drives E 
round, and D is fixed to the back wheel of the bicycle. 

In top gear, the chain drives D round and E drives 
the back wheel. 

In middle gear, the chain drives the back wheel 
directly, just as if no gearing were inside the hub. 

You can test your ideas about how the gearing of a 
bicycle works by turning a bicycle upside down, and 
counting how often the back wheel turns for one turn 
of the pedals. 


Note. It may help you to get your gears the correct 
sizes if you look at this simplified sketch. This shows 
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how the model would work, if we simply had circles 
rolling on each other. Remember the gear teeth stick 
out, outside the basic circle, and little holes have to be 
scooped from inside the circle. 





Н 


LIFT INDICATORS 
The picture shows a very simple way of making an 
indicator showing whether a lift is coming up or going 
own. 
The lift cable goes round a big wheel. A little wheel 
is fastened to this big wheel. A weight hangs by a 
string which goes round the little wheel. As the lift 


т 
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rises or falls, the weight rises or falls but it does not go 
such a long way. 

. If the lift goes down 60 feet, and the big wheel is 
5 feet across, how large should the little wheel be, if 
the weight is to move 2 feet? Try making models to 
show how this idea works. 


DIVIDING A CIRCLE Into A THOUSAND PARTS 

Once two students were making a circular slide rule. 
(See CarcULATING МАСНІМЕЅ.) The first thing they 
had to do was to divide the rim of a large circle into a 
thousand equal parts. 

They began by dividing the circle into four parts, 
like a hot cross bun, and then dividing each part into 
five equal pieces, like this 


This gave them 4x 5— 20 divisions. They divided each 
part into five smaller pieces, which gave them 100 
divisions. f 

By this time they felt rather tired and were not 
looking forward to the job of dividing each of the 100 
parts into 10 still smaller ones. Then one of the students 
noticed that each of the 100 divisions was almost 
exactly § inch long, or 10 sixteenths of an inch. One- 
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tenth of this would be 4, inch. So he just put his ruler 
along the rim of the circle, and marked off where each 
sixteenth of an inch came. | 

The radius of the circle the students had drawn was 
10 inches, so you can check for yoursel that their 
method was correct, either by drawing a circle or by 
calculation. | 

You can use this idea whenever you need to divide 
a circle into a large number of parts. Von 


STROBOSCOPE 

Sometimes discs rather like the one here are used 
for testing the speed of gramophones, or of any machine 
that turns round. : 5 





This disc has 50 black and 50 white divisions on it. 
If you spin it round at 2 revolutions a second in electric 
light from A.C. mains, you will find that the black and 
white marks seem to stand still. (I suppose the A.C. 
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mains are 50 cycles a second.) If you have not a 
gramophone you can make a belt drive with cotton 
reels for turning the disc by hand. I have tried this 
and it works quite well. : 

The disc has 50 white and 50 black parts—100 in all. 
So to make it we must divide a circle into 100 parts. 

If we choose the size of the circle carefully, we shall 
be able to use the trick described above. 

Suppose we think 3 millimetres is a suitable size for 
each little part of the rim. 100 parts will make the 
whole rim, 3x 100—300 mm. The diameter of the 
circle will have to be +; х 300 mm. == 95$ mm. very 
nearly. So the radius must be half of this—47? mm. 
We draw a circle of this radius. 

Then we divide this into 20 equal parts, which we 
find are just about 15 mm. long. We put a ruler against 
each part, and mark in points at intervals of 3 mm. 

This gives us the 100 points we want. The rest of the 
construction of the disc is quite straightforward. 


PAPER, CARDBOARD AND SHEET 
METAL WORK 


A LARGE number of articles are made by cutting out 
something fiat (like paper or tin) and then bending it, 

E rampie cardboard boxes, lampshades, tin cans, 
uckets. І : 


Be 





FLAT SURFACES 
It is best to begin with something simple, say a shed. 
(A box is even simpler, but it is rather dull.) 
What does a shed consist of? 


FRONT BACK 
ROOF ROOF | [воттон 
We might begin by cutting out these seven pieces, 


but it would then be difficult to join them together. 
119 
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There should be flaps, so that one piece can be stuck 
to another. Since, however, the pieces have finally to 
be stuck together, we can save work by keeping the 
material as far as possible in one piece; for instance 
like this: 


BOTTOM 





It is a good plan to make a rough sketch first, and 
cut it out and fold it up into a rough model, so as to 
make sure that no mistakes have been made. It takes 
a long time to make an accurate drawing, and it is very 
annoying when you have finished to find that the 
pieces will not fit together. 

_ It is much easier to get the angles right if you use 
squared paper. Or you may use a drawing board and 
set-square. 

You could begin by choosing the shape for the end, 
and drawing the front next to it, like this 


FRONT 


-< 
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The roof must fit on to the end, so we use compasses or 
dividers to make it the right height. 
THESE MUST 


БЕ THE SAME 
LENGTH 





The back roof is the same size as the front roof. The 
other end of the shed must be just like the one we 
started with. The back must be exactly like the front. 
The bottom must be just the right size for fitting on to 
the front and back and ends. So everything is fixed. 
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Last of all, the flaps for gumming must be drawn. 
Then the model is cut out and gummed together. 

After you have made a few simple models you can 
try more complicated things—castles, churches, railway 
stations and so on. 


CURVED SURFACES 


So far we have only used flat sheets of cardboard. 
But sometimes we may want to make a round tower, 
a church steeple, a ship’s funnel or a locomotive 
boiler. 





A round tower is quite easy to make. If you un- 
wrapped the tower above it would look like this 
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The shape of a tower is called a cylinder. A tin can 
is usually a cylinder. If you took a tin can to pieces 
you would get these parts 


SIDE 
BOTTOM). 


You can find out how broad the side should be by 
wrapping it round the bottom, or if you like you can | 
use the rules given in the section ROUND THINGS. 

Another curved shape is a cone (like an ice-cream 
cone). To make a cone you cut out a piece of papet this 
shape, and fold it round 
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FLAP FOR 
GUMMING 


If you take a very narrow piece like this 





you get a sharp cone. If you take a piece that is nearly 
a circle, like this, you get a very flat cone. 





Моркт, TENT or Hut CALCULATIONS 
A tent is a cone sitting on a cylinder. The calcula- 
tions are simple if we make the cone from half a circle. 
Suppose the circle is 4 inches in diameter. 
' The circumference of this circle would be 3} times 
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S 


CYLINDE R/ | 
4 inches. But we are only using half the circle. So the 
distance round the rim is only half the circumference, 
or 31 x 4-2, This is 62 inches. ` 

` (It is a pity that this rule gives an answer with ? inch. 

Nobody ever works in sevenths. As, however, we want 

x a flap to gum we can make the rule simpler by taking 
3: or 8} or Зі instead of 3} times.) 





If we makethe side of the tent 7 inches long, this is 
bigger than 6} inches and it will leave a good piece to 


gum on. 


BUCKETS AND FUNNELS 
v If you talce the shape we used for making a cone and 
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э-э» SP a шш 


SIDE OF TENT. 





FOR GUNNING 
cut away from it the part shown shaded, you get 
something rather like the letter C. If you fold this 





round until the two straight edges meet, you get a 
shape like the sides of a flower pot. If you add a flat 
bottom to this you have a pattern for a bucket. 

A funnel can be made from two C-shaped pieces—it 
needs some careful planning. 





. THE RIGHT SIZE 
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If you really want something to keep you thinking 
for a long time, try making a globe of the world by 
fitting pieces together, on the idea shown here— 





THE FINISHED 
GLOBE 






THE PIECES OPENED OUT FLAT 
ih (PART OF PIECE 2 
PLANNING 
THE GLOK 
YOU CAN 
DRAW A. 
DIAGRAM 
LIKE T Hii 


IT MAY HELP 
YOU TOGET 
THE C|RKLES 








SOME NOTES ON SHAPES 


RECTANGLES 
OFTEN we want to draw this shape which is called a 
rectangle. 


Here is one simple way of drawing a rectangle. 


і. DRAW A CIRCLE —4 









2.DRAW TWO P 
LINES THROUGH 
THE CENTRE 


3. JOIN UP 


THESE LINES TO 
FORM THE RECTANGLE 


You can use this idea to check whether a piece of 
wood, cardboard or metal really is a rectangle. Draw 
the lines joining opposite corners. The place where they 
cross should be the same distance from all four 
corners. 

Another simple check is to measure diagonally from 
corner to corner. 

128 
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THIS DISTANCE SHOULD 
BE THE SAME AS THIS ONE 


This check might be used if you were laying out a 
court for tennis or some other game. 


PYTHAGORAS 

Pythagoras’ Theorem is useful for laying out a tennis 
court or a house, or for check- - 
ing the shape. 






?, 


Suppose you want to find 
the length of the blue line in 
the triangle (look at the key 

- below the triangle). 


You can use the plan below. 
oxO-... ge 
Cote NNI GREEN 
NA ШШ BLUE 
La X fal 7 | 


ADD THIS = П xD 
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It is best if you copy this out in real colours. 

Suppose the red line is 6 feet long and the green line 
8 feet long. We write a red 6 next to the red line, and 
a green 8 next to the green line, to show their lengths. 

Now we write the red number in each of the red 
squares, and the green number in each of the green 
squares, and do the multiplication. This gives us 


6x 6=36 
8x 8=64 
Add 100 


Then we add the 36 and 64, which gives 100, as 
shown above. ' i 

Now we come to the last part of our work. The 
bottom line of our scheme now reads 


ADD 100 THIS Ц xL] 


We have to write the same number in each of the 
blue squares. As 100 = 10 x 10, 10 is the proper number 
to put in each of the blue squares, and 10 is the answer. 
The blue line will be 10 feet long. 








6 and 8 are very simple numbers, and they lead to а 
simple answer. If you meet more complicated numbers, 
it will help you to use tables of squares and square 
roots. 
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TESTING FOR STRAIGHTNESS AND SQUARENESS 

When you have to make a drawing with many level 
and upright lines in it, it is a great help to have a 
drawing board, set-square and a T-square, as shown in 
the picture. If you have no drawing board a well-made 
desk or table can be used instead. 





You can easily test the straightness of a T-square 
(рт ruler), or the squareness of a set-square in the 
ollowing ways: 

On a sheet of paper draw a line with your T-square. 
Then turn the paper round and, taking care that the 
ends of the line are touching the T-square, draw a 
second line over the first. If the two lines part company 
at any point the T-square is not straight. There is a 
particular, but very unlikely, way in which the T- 
square would not be straight and yet the two lines 
would coincide. Do you know what it is? 

To test the squareness.of a set-square place it along 
the edge of the T-square and draw a vertical line. 
Then, taking care that the T-square does not move, 
turn the set-square over (as you would the page of a 
book) and, keeping it against the T-square and starting 


` from the base of the first line, draw another vertical 


line. If the lines coincide the set-square is square. | 
Your T-square, of course, must be straight! 
Е 
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A SPANNER SHAPE 
The shape made by the heavy lines is often used for 
nuts and spanners. 





To make this shape we first draw the circle with A 
as centre. 

Then without changing the radius, we draw the dotted 
circles, with centres B and C. Then we join up, as shown. 


Rattway BRIDGE 
From the top half of the spanner you can easily get 


the shape for a girder bridge. And of course you can 
continue the pattern as far as you like, if you want a 
long bridge. 
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GEAR WHEELS WITH 12 TEETH . 
Start as if you were going to draw the spanner shape. 
This gives you the six points shown like this e 


Next mark in the points midway between these, 
with the help of dividers. | 

You now have 12 points evenly spaced on the circle. 
How to complete the gear wheel is explained in the 
section ROUND THINGS. . 

If you want 24 or 36 teeth you will need to divide 
these 12 spaces into still smaller ones. 

Ц 





+ 
PRT is perpendicular to QTS, апа QT=TS 
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THE CAM ON A Moror-Car CAMSHAFT 

The cam is shaped rather like an egg, but you can 
draw it with compasses (see previous page). 

From A to B, the centre is at P. From B to C the 
centre is at Q. From C right round to D the centre is 
at К. Апа from D to A the centre is at S. 

Many other shapes can be drawn by fitting circles 
together—for instance, arched windows, the curves of 
railway lines, or spirals. 





Tug PARABOLIC CURVE 

There are two different ways you can use for drawing 
the shape shown on the next page. 

You can begin at the top and draw the dotted lines 
downward, as is done on the right-hand side of the 
illustration. The lengths are shown by the numbers 
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1, 4, 9, 16, 25, 36. (These numbers are 1x1, 2x2, 
3х3, 4x4, and so on—the ‘square numbers’.) You 
would have to draw the same lengths downward on the 
left-hand half of the arch. 

Or, instead, you can begin by drawing the horizontal 
line at the bottom, and draw the vertical lines upward— 
25 in the middle, then 24 on each side of the middle, 
oy 16, 9. (The rule is 5x5, 6x4, 7x3, 8x2, 

х1. 






9°16 21 24 25 


All the lengths are drawn strictly to scale. If you are 
not sure what any length should be, you can measure it. 

The vertical lines must be evenly spaced, but the 
distance between them can be anything you like. 

Some bridges are built on this principle, and the 
same shape is also used for the reflectors of car head- 
Jamps. 

The shapes of aeroplane wings are drawn by a some- 
what similar method. (See Kermode, Mechanics of 
Flight, or any book on aircraft construction.) 
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Coor:iNG TOWERS 

At electricity generating stations you may have seen 
large towers with narrow waists. These towers have an 
interesting shape that you can make as follows. You 


\ 


need two round discs. Mark a number of points evenly 
spaced around one of the discs. Make exactly similar 
marks on the other disc. These discs form the top and 
bottom of the tower. Place the discs in position. 

Take a needle and thread, and join the points up as 
shown. 

An old cotton spool can be used for this purpose: or 
an ordinary cotton reel can have the cardboard discs 
nailed to its ends. 

In the above diagram the number of threads has been 
reduced to a minimum in order to show the pattern of 
construction. To get the real shape of the cooling tower 
many more threads would have to be used. The top 
and bottom discs might well be further apart than is 
suggested in the diagram. 


CALCULATING MACHINES 


Ir you have to do a lot of calculations to design some- 
thing, you may get very tired of doing arithmetic. 
Also, you may make mistakes. So it is a great help if 
you have a calculating machine. 

Some teachers say it is bad for boys and girls to use 
calculating machines, because it saves learning tables, 
which you ought to know. 

I do not agree with them. I find that people who use 
calculating machines can do all kinds of exciting things, 
and they get interested in numbers and come to know 
more about numbers and tables than most people do. 

Anyway I have put in this section some machines 
that should help you to learn your addition and 
multiplication tables. It is quite fun to play about 
with them too. | 


ApDiNG MACHINE 
A very simple adding machine is shown here. 


01234 56 7 8 9 IO II I2 I3 14 I5 161718 | 


0123456789 


We have two straight pieces of cardboard or wood, 
marked like rulers. The top one goes from 0 to 18, the 
bottom one from 0 to 9. а 

If you want to add 5 to 8, you push the bottom ruler 
aoe until the 0 on it is under 5 on the top ruler, like 
this— 


O12 34 § 6 7 8 9 10 I i2 IS 1. 15 IG 17 18 


о1 25456789 | 


137 


min 
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Then you look at 8 on the bottom ruler. So 13 is the 
answer. arn 

Patterns for a more elaborate adding machine are 
shown opposite. A is the top of the machine. B slides 
under A and C slides under B. Two pieces of the shape 
D are required, one for C to slide in, and one, turned 
the other way round, for B to slide in. The pieces D 
can be made of thicker cardboard than B and C. 

The two pieces D and the piece A are glued together 
to form.a case, and after B and C have been arranged 
inside this case with only the handles sticking out, a 
bottom (not shown in the illustration) must be glued 
on. You will then be able to see three numbers through 
the little windows. The middle one is the sum of the 
other two. 


Tue Stipe RULE, A MULTIPLYING MACHINE 

You can do multiplication very quickly if you under- 
stand how to use a slide rule. Slide rules are used very 
much in factories and for scientific calculations. 

The slide rule described here is a very simple one, 
which you can soon learn to use. 


2 3 4 5 6 7 8 9 
2 3 4 5 6 7 8910 


IT 
18 +18 
I9 Ti9 


i6 T i6 
"0117 


2 
е 





1000 MILLIMETRES -—— 


Tt is best to begin by making a very big slide rule— 
about a yard long. You will need a metre ruler, which 
is divided into 1000 small divisions, called millimetres. 

You will need a piece of paper or cardboard 4 or 5 
inches wide and just over a metre long. 

Down the middle of the strip draw a line one metre 
long. At the end of the construction we shall cut down 
this line, so as to obtain two strips. Every time we 
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make a mark on this line we write a number above it 
and below as well, so that there is a number left on 
each strip after the cutting. 

First of all we mark a big 1 at the beginning of the 
line, and a big 10 at the other end of the line—exactly 
one metre away. 

Between the 1 and the 10 we put in other numbers 
(also written large), as follows: 


Number Distance from 1 

(mm) 
301 
477 
602 
699 
778 
845 
903 
954 


A lot of numbers, written smaller, have also to be 
marked in. The distances from the large 1 are given 
elow. i 


OONAAAR WD 


Number Distance Number Distance Number Distance 


(mm) (mm) (mm) 
11 414 23 362 35 544 
12 79 24 380 36 556 
13 114 25 398 37 568 
14 146 26 415 38 580 
15 176 27 4814 39 591 
16 204 28 447 . 41 613 
17 230 29 4624 42 ` 623 
18 255 31 491 48 6334 
19 279 32 505 44 | 6434 
2l 3822 33 . 518} 45 653 


22 342} 84 5314 ^ 46 663 
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Number Distance Number Distance Number Distance 


(mm) (mm) (mm) 
47 672 65 813 83 919 
48 681 66 8195 -84 924 
49 690 67 826 85 9294 
51 7073 68 832} 86 . 9341 
52 716 69 839 87 9394 
53 724 71 851 88 9444 
54. 7324 72 857 89 9494 
55 740 73 863 91 959 
56 748 74 869 . 92 964 
57 756 . 75 875 93 9683 
58 7634 76 881 94 973 


59 771 74: 8863 95 978 
61 785 78 . 892 96 982 
62 7925 . 79 898 97 987 
63 799 81 908} 98 991 
64 806 82 914 99 996 


After you have marked all these numbers in—and it 
will not take as long as you may imagine—cut right ` 
along the middle, so that you get two long thin strips. 
Using the Slide Rule -—- 

If we wanted to find 2 x 3 we would set the slide rule 
like this— ; 

! 2 І 4. 6 8 10 
cee ТОЛИН ee eee (eres Lee 


CS i OE dd 
1 2 3 4 5 6 78910 


The end of the lower scale is under 2. Above 3 on 
the lower scale you find the answer, 6. What are the 
numbers above 2, 4 and 5? яа 

There is nothing above 6, 7, 8, апа 9. If we want to 
find twice these numbers, we have to push the other 
end of the bottom scale under 2, like this— 
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gom os ow 10 


[es o ре olin ee ey 


5.6 78910 


You will see that 12 comes above 6, and 12-2 x 6. 


If you want to find 3 times а number, you put either 
1 or 10.under 3. 

You can check your slide rule by working through 
the whole multiplication table with it. 

When you come to 5x 6, you will find the slide rule 
seems to give the answer 3. This really means 30. On 
а slide rule З and 30 and 300 all come at the same place! 
You have to use your common sense to see which is the 
answer. 

After you have done all the multiplication up to 
9 x9 you can go on to find 8x 15 or 3x 18. The slide 
rule does these just as quickly. 

It will even give you a good idea of 14x 17, but I 
have not time to explain exactly how this is done. If 
you cannot find out for yourself by experimenting with 
the slide rule, ask a teacher or an engineer to show you. 


CIRCULAR SLIDE RULE 

If you like, instead of having a straight slide rule, 
you can arrange the numbers around a circle. 

You then need two discs, with a drawing pin through 
the centres. 

Divide the rim of the smaller disc into 1000 equal 
parts. (See Round THINGS.) Mark the big 1 at one of 
these points. The big 2 has to be marked 301 divisions 
away, the big 3 is marked 477 divisions from the 1, 
and so on. The numbers are just the same as in the 
table оп page 140, only in divisions instead of 
millimetres. 
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The numbers of the other disc are opposite those 
already marked, before we start turning the discs. 

In the illustration the discs have been set for 
multiplying by 2. ` 


NoMOGRAMS  . 
Another interesting calculating device is а nomo- 
gram. These are not very easy to design for yourself. 
You will find some interesting nomograms in Nomo- 
grams for the Aero-Modeller (2s.), published by the 
Harborough Publishing Company. 


MAKING SMALL THINGS LARGE 


Іт is a very serious matter on a railway if a signal lamp 
goes out, and so lamps are fitted with a little device 
that will sound an alarm should this happen. 


RAILWAY SIGNAL ALARM 

The idea is quite simple. A metalrod is placed above 
the lamp, and of course when the lamp is on it becomes 
quite hot. If the lamp goes out, the rod cools. You 
probably know that when metal cools it also shrinks. 
The idea is to fasten the metal rod to a switch, so that 
when the rod shrinks, the switch is turned on. 

This looks easy, but there is a catch. If a steel bar 
one inch long cools by 1° Fahrenheit, it only shrinks 
6 millionths of an inch. If our lamp were just hot 
enough to boil water (212°F.) and when it went out the 
rod became as cold as ісе (32°F.), this would be a drop 
of 180?F. The shrinkage would be 180 times 6 
millionths—or 1080 millionths—about a thousandth of 
an inch, which is not a big enough movement for. 
closing an ordinary switch. We have to find some way 
of making the movement bigger. 

There is a simple way of doing this. You can under- 
stand it by taking a long piece of cardboard, with a 
drawing pin stuck in it, like this— 


А О В 
6—6 Le -——————— 
Mark the positions ^f the pointed ends A and В. Now 
move the end of A about one-tenth of an inch. You 


will find B moves much further--about an inch. 
144 
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In a signal alarm this idea is used twice. When the 
metal bar shrinks, B will move about 10 times as far 
as А, and C moves about ten times as far as B. If A 





moves тфу inch, B will move 44, inch. C will move 
4; inch—enough to work a switch. 


OPTICAL LEVER 
Instead of an actuallever we can use a ray of light. 
See if you can arrange this so that when hot water is 
poured on оле of the bolts, the spot of light on the 
screen will move. f 
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MIRROR 


SLIT d 


Do you get a better effect when the bolts are close 
together or when they are far apart? Why? 


«— SCREEN 


MIRROR 


MIRROR 
A 


ШЕ 


Е 
SOLID OAK 
TABLE 





If the arrangement shown here is set up in a very 
long room, it can be made sensitive enough to show 
that the table bends when a finger presses on the table. 


How a PLANT Grows 


You can study how fast a plant grows by an arrange- 
ment like this. i 


DESIGNING AND MAKING 147 





If you wanted to make the machine more sensitive, 
"would you make the little wheel larger or smaller? 


Hor WIRE AMMETER 


A wire is stretched tight between two drawing pins, 
and a small weight hangs from the middle of the wire. 
Tf the wire is heated. by a strong electric current, the 
weight will descend, as shown in the picture. 

Many people know about this instrument, but few of 
them realize what a small expansion of the wire is 
needed to make the weight sink a reasonable distance. 

If the drawing pins are 10 inches apart, and the wire 
expands .002 inch (less than the thickness of a hair), 
the weight will go down ў, inch, or 50 times as much as 
the stretch in the wire. 

L 
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COLI 


HOT 


If you know Pythagoras’ Theorem, you will be able 
to check for yourself that this is so. 


FIRE ALARM 

The illustration shows a simple fire alarm. Two thin 
strips of steel and brass are fastened together, and 
mounted as shown. 





W 
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If a match is held under the strip, the brass expands 
more rapidly than the steel, and the strip bends until 
its end presses against the metal block. If the wires 
are in circuit with a battery and an electric bell, the 
bell will then ring. 

The brass and the steel may only expand a few 
thousandths of an inch, but the end of the strip moves 
upwards through a much larger distance. 


TL? 
500,000B 


The letters have these meanings—the end of the 
strip moves D inches: the temperature rises T degrees 
Fahrenheit: the length of the strip is L inches, and its 
thickness B inches. 

If you know how to read a formula, you can work out 


The formula is D = 


„suitable measurements for yourself. 


PANTOGRAPH 


The pantograph is used for enlarging drawings, 
pictures, maps, etc. 

It is made from strips of cardboard or wood, fastened 
together by small bolts or paper fasteners. 

If bolts are used, they are not screwed up tightly. 

If we want to enlarge the scale of our drawing 3 
times, we make AC 3 times as long as AB, and CF 3 
times as long as CE. BD must be the.same length as 
CE, and BC the same length as DE. 

To use a pantograph, we fasten A down by a drawing 
pin or a nail. We move the point D over the drawing 
to be copied, and a pencil at the point F will automatic- 
ally draw an enlarged copy. 

Pantographs can also be used for reducing the scale. 
The point F then moves over the original, and a small 
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copy appears at D. Pantographs are used to engrave 
words on fountain pens and other articles where small 
lettering is needed. 


EPISCOPE 

Another way of enlarging a map is to use an episcope. 

An episcope can be made from a biscuit tin or 
similar container. A lens is fixed to an opening in one 
side of the tin. Opposite the lens an opening is made, 
against which a map (or a picture) can be placed. This 
map or picture will appear enlarged upon the wall, like 
a picture on a cinema screen. 5 

If you want to make а permanent map, you can put 
a piece of paper on the wall and pencil in the lines that 
appear on it. 

A lamp has to be placed inside the tin, so that it will 
shine on the map, but not shine out through the lens. 
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The hardest part to get is a suitable lens. Lenses 
are often dear, but you will sometimes see lenses from 
Army stocks advertised as cheaply as 10 for 2s. 6d. 

The distance between the lens and the map is nearly 
the same as the focal length of the lens. 

Tf the lens is 10 times as far from the wall as from the 
map, the enlargement will be in the ratio 1: 10. 


ODDMENTS 


THE SIMPLEST MUSICAL INSTRUMENT 
Mark DOH at any convenient distance from the left 
hand end of the wire. 










STRETCHED WIRE \ THIS BLOCK SLIDES ALONG 


Sep 


ES 








I Iu > 
5 
24у 5 8 





RAY is marked § as far along as DOH 
& 


ME m Wr ^us v. DOH 
FAH s 4 „ o. DOE 
SO » 3 „ , DOH 
LAH uc ł „ te. DOH 
TE rie DOH 


DOH again is marked } as far as the first DOH 


Two Farr GROUND QUESTIONS 

1. There is a machine in which you try to catch a 
ball as it trickles through pins. If you turn the handle 
to the left, all the cups point left. If you turn the 
handle right, all the cups turn right. If you had to 
design this machine, how would you connect the handle 
and the cups? 

2. In a merry-go-round, the horses prance up and 
down as they pass. How are they made to do this? 


Solutions on page 158. 
152 
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THE SIREN 


—-THIS WHEEL 










AIR OR STEAM 1S 
BLOWN THROUGH 
THIS PIPE 


IF 50 HOLES PASS THE PIPE EACH 
SECOND A LOW NOTE COMES 


IF 1000 HOLES PASS THE PIPE EACH 
SECOND A HIGH NOTE COMES 


++ 


MIDDLE 














TO GET THESE 
NOTES YOU NEED 
264 HOLES 

A SECOND 

297 HOLES 

A SECOND 

330 HOLES 

A SECOND 

352 HOLES 

A SECOND 

396 HOLES 

A SECOND 

440 HOLES 

^ SECOND 

495 HOLES 

A SECOND 

528 HOLES 

А SECOND 
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PREVENTING OVERFLOW OF WATER 

Sometime you have probably looked inside the cistern 
of a lavatory, or the cold water tank of a house, and seen 
the ball valve that prevents the water from overflowing. ' 
When the cistern is full, the ball rises, and the plug 
presses against the pipe, so that no more water сап. 
flow into the cistern. 







Suppose now we try to adapt this idea and invent a 
gadget that will automatically turn the tap off.in a 
bath; or a sink, or a-wash basin as soon as enough water 
has come in. I do not suppose our invention will be of 
the slightest practical use, but it is quite an interesting 
idea, and it illustrates how different scientific principles, 
explained in various parts of this book, can be combined 
in one single invention. i 
THE FLOAT IS 
ATTACHED TO THE 
TAP BY A STRING 


WHICH PASSES . 
ROUND’ PULLEYS 


THE FIRST ATTEMPT 


The first idea I had was the one shown in the picture. 
There are several objections to this scheme. How are 
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we going to fasten pulleys to the bottom of the bath, for 
instance? A worse objection is found when you begin 
to think how -hard the string must pull on the tap. 
We want the tap turned right off, so that it does not 
drip at'all. This means a very strong pull is needed. 
Some taps turn more easily than others. A pull of 30 Ib. 
may be necessary. Perhaps to be on the safe side we 
ought to provide a pull of 60 lb. (Engineers usually 
make things 3 or 4 times as strong as seems necessary. 
This is called the factor of safety.) So our float must be 
big enough to lift 60 Ib. у d 

If you look at the article on ‘Rafts and Ships’ you 
will see that the size of the float can now be worked 
out. In fact the float must be nearly a cubic foot in 
volume—far too large for convenience. 





THE EFFECT OF A LEVER 
A LEVER MEANS A LONG ROD USED TO MAKE SOMETHING 
TURN MORE EASILY 


We can improve matters by making use of a lever. 
Tie a long stick on to the tap, as shown. You will find 
that quite a light touch will make the tap turn. Prob- 
ably a pull of 3 lb. will close the tap quite firmly, and 
6 Ib. will give us a good factor of safety. 

A much smaller float will now be sufficient. You 
might think that by making our lever very long we 
could make the float very small. But it is not so, be- 
cause the longer the lever is the further the float has to 
move. (Try this out for yourself.) Thisis connected with 
the facts mentioned in the section on ROUND THINGS. 
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Probably the best way of keeping the float small 
would be to use it simply as a trigger. We could have 
an arrangement something like this: 
ROD PASSES BEHIND FLAT PLATE 





At the stage shown in the picture the flat plate pre- 
vents the rod moving. But if the float rises a little the 
. rod will slip over the top edge of the plate, the weight 
will and the tap will be shut. (Compare a mouse- 
trap. 

Probably we could improve our machine still further 
by bringing in electric wires and magnets. But that I 
must leave to you. 
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Answers to questions on page 152. 







THIS SHAFT 
TURNS AS 
THE MERRY- 
GO-ROUND 

GOES ROUND 


Ses 
HOW THE HORSES ARE 
' MADE TO PRANCE 









zc 


CETTE 


THIS SHOWS ONE 
WAY OF LINKING THE 
HANDLE TO THE CUPS, 
ONLY TWO OF THE 
CUPS ARE ACTUALLY 
DRAWN SO AS TO KEEP 
THE PICTURE CLEAR 


SCHOOL PLAY ACCOUNTS 


LTHOUGH the primary reason for producing a 
school play is not usually to raise. money, with 
careful planning it can enrich the school fund or 

enable a charitable donation to be made. If you wish 


-a play to be a financial success you must estimate 


your expenses in advance and see that the price 
charged for the tickets is adequate. ; 

Costumes are sometimes the largest single expense. 
First find out how many from your property box can 


-be adapted to your needs, and borrow all you can from 


our friends. The remainder must be hired or made. 

t is often best to hire a few of the more elaborate 
costumes but where possible they should be made and 
added to the school property box. 

With 36-inch material, allow twice the length of the 
dress and the single length of the sleeve (two sleeves can 
be cut side by side) and } yard for turnings. If a very 
full skirt is required, or if the dress is to be very long, 
it is necessary to have more than two widths of material 
in the skirt. If your material is to be 56 inches wide, 
you must first fit your patterns on to a measured sheet 
of paper to see how they will best fit in, before ordering 
your material. ` : 

The amount of scenery required will vary, but most 
of it can be made with cardboard and paint. 

Admission tickets will be needed. Most schools have 
some form of duplicator, so that these can easily be ' 
made. Usually some of the pupils who have not much 
ability for acting, will volunteer to make this task their 
part in the proceedings. 


TICKETS 
Tickets can be made from plain white or coloured 
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Diagram 2 
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cardboard, say, 4 inches by 3 inches or 3 inches by 2 
inches. . 

If you have a sheet of cardboard 30 inches Jong and 
22 inches wide, it would cut out 50 tickets of the first 
size, with a strip to spare. (See diagram 1.) А 
110 tickets 3 inches by 2 inches could be cut (diagram 2). 

To use your cardboard as economically as possible 
find out whether one side of your ticket will divide 
exactly, or with little to spare, into one side of your 
sheet of cardboard. (It is not always best to make the 
long edge of your ticket fit along the long edge of your 
cardboard. The size of programmes varies, but a sheet 
of foolscap paper, i.e. 13 inches by 8 inches folded once, 
makes a convenient programme. Paper is usually 
bought by the quire or ream. 24 sheets = 1 quire. 20 
quires = 1 ream (480 sheets). à 


| 


а у 


PROGRAMMES 
It is usually safe to assume that at least half of your 
guests will buy programmes. 

You may also have the expense of royalties on your 
play. This is a sum of money charged for the right to 
give a public performance and it forms part of the 
author’s income. 
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Entertainment tax will not be charged if the proceeds 
are for a charitable organization or school fund. 


REFRESHMENTS ` 

Another means of raising money is by the sale of 
refreshments during thė interval. А 21b. loaf of bread 
with 2 Ib. margarine and suitable filling will make 20 
sandwiches of the usual size (half slice). 


BALANCE SHEET 

The sample balance shown in the following illustra- 
tion, will give you an idea of the nature of the entries 
which you must make when recording your own re- 
ceipts and expenditure. 


RECEIPTS EXPENDITURE 


£s d. 4 5. d. 
To sale of tickets By Royalties 400 
80 reserved seats @ 2s. 6d. 10 0 0 12удѕ. material @ 15.114. 
120 reserved seats @ 1s, 60. 9 0 0 per yd. for 3 dresses 13 0 
100 unreserved seats @ 1s. 5 0 0 буд. material @ 3s. 11d. 
167 programmes @ 2d. each 1 7 10 рег yd. for 2 jackets 19 7 
200 cups of tea.@ 2d. each 1 13 4 0 yds. ribbon @ 44d. per 
180 sandwiches ( 2d. cach 1 10 0 yd. 6 8 
p 16 pkts. dye for renova- 
tions 8 0 
9 quires of paper @ 6d. 
рег quire for Programmes 46 
shects of cardboard @ 
5d. per sheet (for tickets) 26 
4 sheets of cartridge paper 
@ 3d. for posters 10 


12 sheets of thick card- 
board @ 8d. for scenery 
6jarsof poster paint @ 7d. 
Hire of 1 costume 

4 copies of play @ 2s. 6d. 
Postages 


8 
3 
10 
10 
3 
9 loaves @ 44d. 3 
1 
6 
4 
4 
8 
2 


2 © @Ф››Ф› © >з осо Фо 
а-ы 


2} lb. margarine @ 9d. lb 

9 jars of paste @ 8d. each 

6 Де; of milk @ 94. qt. 

14 lb. tea @ 3s. por Ib 
Make up 

Balance being profit mado 18 


£2811 2 Е £2811 2 


A YOUTH HOSTEL WEEKEND 


Many of you have enjoyed a day’s walk or cycle in 

` {һе country and felt very reluctant to return to your 
town in the evening. Have you ever extended your 
tour for a whole weekend, or for several days of 
your holiday by staying for one or more nights at a 
Youth Hostel? 1 


` Yours HOSTEL ASSOCIATION 
The Youth Hostel Association provides simple ac- 
commodation for young people at very low rates, so the 
cost need not be prohibitive. If you wish to stay in a 
hostel, you must either become a member of the Y .H.A., 
or, if you have not previously done so, you may obtain 
an introductory permit through a friend who is a 
Y.H.A. member, and who will accompany you. Some- 
times parties сап be arranged by a teacher or club 
leader without the necessity of membership except by 
the party leader. 
embership of the Y.H.A., is open to all persons over 
9 years of age, at the following rates: 


Juvenile Membership, 9th-16th birthdays (annual) 
Junior Membership 16th-21st birthdays (annual) 
ы Membership 21st birthday onwards (annual) 
Lite Membership £4 4s. Od. 


The overnight fee is 6d. if you are under 16 years of 
age and Is. if you are over that age. At most hostels 
you have the option of cooking your own food, or ob- 
taining a supper and breakfast provided by the hostel 
warden at about Is. 6d. per meal. 

м 163 
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If you are under fourteen years of age you must be 
accompanied by a responsible person, but if you are 
fourteen you may use the hostel unaccompanied. 

The headquarters of the Y.H.A. is at Howardsgate, 
Welwyn Garden City, Herts., and you should write 
there for further particulars and for the address of your 
Regional Office. The Y.H.A. Handbook, published 
annually, price 7d. post free, contains all the informa- 
tion you will need. | 


PLANNING THE TOUR 

If you are going only for a weekend you will start on 
a Friday evening or a Saturday morning and return on 
the Sunday evening. The short time at your disposal 
will limit your choice to a few of the nearest hostels. 
Having selected your hostel or hostels, you should 
obtain a good map of the district and plan the route. 

It is obvious that a map cannot be the actual size of 
the district and it is therefore drawn to scale, which 
means that a given unit on your map represents a 
particular distance. A scale of one inch to the mile is 
suitable for walking and an Ordinance Survey map of 
this scale shows most of the footpaths. A half inch to 
the mile map is useful for cycling as it includes a wider 
area, and it usually marks even minor roads, although 
many footpaths may be omitted. 

If you are an inexperienced walker, it would be wise 
to plan your first tour to include not more than about 
ten miles walking daily. It is always possible to increase 
the stance by detours along inviting-looking foot- 
paths. І 

Take your map and a piece of cotton, and bend the 
cotton carefully round the lanes and footpaths along 
which you propose to travel—a piece ten inches long 
means a ten-mile walk. 

A young cyclist should attempt only about thirty 
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miles at first. With practice, you will find that you can 
walk 16 miles or cycle 50 miles quite comfortably. 

Obviously you must work out your own tour to suit 
your locality, but it will probably help you to know the 
details of a weekend spent by a party of sixteen girls, 
aged 12-14 years, with two of their teachers. Their 
route is shown on the map on page 166. 


Contour МАР 

From the cross-roads to the south of Farningham, 
they walked along the lane leading approximately 
SSÉ. through Beesfield and Maplescombe. They then 
took a right fork, and picnicked on some grassland 
near High Castle Wood. . 

Now you will observe that the route from Farning- 
ham to this point crosses eight lines. These are con- 
tour lines. A 250-foot contour line joins all the points 
which are exactly 250 feet above sea level, so that, unless 
the ground is absolutely flat, the land immediately on 
one side of it will be above 250 feet and on the other side 
below it. On this map the vertical interval between two 
contourlinesis50 feet. If you have only just crossed eight 
contóür lines you must have covered seven intervals and 
youwillhavegoneup or down 50feet x 7 = 350. Usually 
you have also covered some distance on either side of 
the first and seventh contour lines although you can 
not quite have moved 50 feet at either end without cross- 
ing another line. Therefore if you sit just north of High 
Castle Wood, you will be between 350 feet and 450 feet 
above the point where you started. : 

This spot was chosen for the picnic, partly because 
it commanded a fine view of the Darent valley. i 

Contours are important if you are cycling, because it 
is sometimes better to take a slightly longer route to 
avoid taking your bicycle up а very steep hill If con- - 
tour lines of 100 feet interval are inch apart on a $ inch 


PLAN FOR A WEEK END WALK 


SCALE — 
I" TO THE MILE EN rARNiN RAM М 
oV ZW 
y ww 
А | : 











LULLINGSTONE 
CASTLE‘Q 
H es 
tt 
W 
J S 400 \ 
/f b? 350. 
e AO! \ 
E g^ 452 NN 
} \ 
j “елем, 
‚ее н! 8 ў 
LE 
y, АОБ 
1 A EAST v 
s S | HILL ""JKNAXTS FARM 
E "v 
v/ ^ SR / 
g | ы 
Gf " 
Ф S 
F3 ENS 
U CYARKES 
NI 0 ay \ 
SN A { 
> e ET 509 
"OU TM HOSTEL 


P 
P 
= 
1 
моме 


Note—Only the 250’ and 500’ contours are complete. Small parts of the 
food are shown as they 


50’ contours between Farningham and High Castle 


are referred to in the text. 


DESIGNING AND MAKING 167 


to the mile map, it means that there is a rise of 100 feet 
in the distance represented by 4 of an inch. If the scale 
of your map is $ inch to one mile, then ith inch 
represents 4 mile which equals 440 yards or 1320 feet. 


A rise of 1 foot will be made jo 1220 feet of horizontal 





. 100 
distance—that is in 13.2 feet. 


С 


l 
A 13:2' В 


In the diagram above, AC represents the actual 
road, BC the vertical rise of 1 foot which occurs in 
13.2 feet of horizontal distance, shown as AB. The 
gradient is expressed as 1 in 13 to the nearest unit, and 
it is possible to cycle up a road of this gradient for a 

‘short distance but not if the hill is too long. 
Now consider 250-foot contours 4 inch apart on a map 


of the same scale. А 1-foot rise would occur in 132 feet 
horizontal distance = 5.28 feet. The gradient is there- 
fore nearly one in five. r . 

This gradient means a very steep hill. You could not 
cycle up it, and pushing your bicycle would be tiring. 
It would be dangerous to cycle down unless your 
brakes were in very good order. 

You will notice that the picnic spot previously men- 
tioned, as well as commanding a good view, was on the 
edge of a wood, and the girls spent more than an hour 
playing games there. 

They then continued through High Castle Wood to 
East Hill and down a steep footpath to the east (i.e. they 
turned left) to Knatts farm. Near here they found a 
shop where they could buy cups of tea at 2d. each, or 
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glasses of lemonade at 3d. and they had their picnic tea 
in the garden there. 

After their refreshments the party walked along the 
lane in a southerly direction, turning right at the cross- 
roads and thence reaching Clarke’s Bottom, from where 
afootpath took them to Shoreham and tea in the grounds 
of Lullingstone Castle, after spending most of the 
afternoon paddling in the river, for it was a hot day. 

If you use a piece of cotton, you will find that Satur- 
day’s walk was only about 6} miles and Sunday’s walk 
8 miles long. The girls were inexperienced walkers and 
they wanted plenty of time to make collections of wild 
flowers and also to play games. 

The girls were actually walking for a total of 3 hours 
on the Saturday, so that their average speed was 
6} + 3 miles per hour. 

Some people can keep up a pace of 4 m.p.h., but you 
should not reckon on walking at more than 3 m.p.h. and 
if a large number of untrained people walk together 
their speed is usually less, as they must take their pace 
from the slowest. 

You can get an idea of your own normal walking 
speed by walking naturally along a measured distance 
and timing yourself. Your result will be more accurate 
if you are able to time yourself over at least a mile, but 
provided you can use а watch giving seconds, an 
approximate figure can be obtained by walking round 
a tennis court. A full-sized doubles court should be 
78 feet by 36 feet but you had better check the measure- 
ments. The perimeter (distance all round the court) is 
twice 78 feet plus twice 36 feet, totalling 228 feet. 


Suppose it took you 52 seconds to cover this distance, 


228' x 60 x 60. 


in one hour you could walk 59 


Changing 
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to miles, you obtain the fraction = 2383 m.p.h. which 
is about 3 m.p.h. 

Unless you are fortunate enough to live in the 
country you must allow for the time you will spend 
travelling to the starting point of the walk. This party 
started their journey at Belvedere, Kent. They caught 
a trolly bus at 9.39 a.m. which was due at Bexleyheath 
at 9.59. Unfortunately the trolly bus was a few minutes 
late which prevented them from catching a 10.3 bus at 
Bexleyheath. The next bus was at 10.33 and reached 
Farningham at 11.23. The journey, therefore, occupied 
one hour forty-four minutes. 

If you decide to plan a Youth Hostel weekend you 
will need to think out exactly what equipment to take 
with you and how much money you will require. Costs 
can be reduced by preparing your own meals, which 
these girls did, except for Sunday’s breakfast which 
they obtained at the hostel. If you have your-own 
regulation sheet sleeping bag, you can save the hire 
charge for every night you spend in the hostel, and 
nstructions for making one are given on page 170. 


EXPENSES 
The total cost of this weekend is shown below: 
Fares (half) Belvedere to Bexleyheath 
2d. each way (4d.) + 
Bexleyheath to Farningham 5d. each 


way (10d.) = 15. 2d. 
Overnight fee in hostel (under 16 years) 6d. 
Cost of bread, milk and foods shared 5d. 
Breakfast Is. 6d. 
Cup of tea on Sunday 2d. 
Glass of lemonade on Sunday 3d. 





Total 4s, Od. 
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(an additional 6d. would be paid by those who had not 
their own sleeping bags.) . 

: Note—Food would be required in any case, so the 
figure 4s. does not at all represent cost additional to 
that of remaining at home. 


EQUIPMENT д 

The girls were given the following instructions: 
Bring a rucksack or satchel containing pyjamas, towel, 
face flannel, soap, toothbrush, comb, spare pair of socks, 
slippers or plimsolls, torch, mackintosh, sandwiches for 
dinner and tea on Saturday, cakes, chocolate or sweets 
if desired, a small jar or tin containing enough mar- 
garine for Saturday’s supper and sandwiches for Sun- 
day’s dinner and tea, sufficient cooking apples for a 
portion of stewed apple, sugar, either dried egg or baked 
beans, fillings for Sunday’s sandwiches, and a bottle 
with a tight cork containing water or lemonade for 
Saturday’s dinner. 
Wear either skirt and blouse, shorts and blouse or 
cotton dress, with a cardigan or blazer, comfortable 
low-heeled shoes, socks. Sprinkle boracic powder or 
talcum powder on your feet to prevent blisters. 


ТО MAKE A SLEEPING BAG 
A regulation sleeping bag consists of a sheet bag with 
a flap to turn over the blankets and pillow case attached. 


A Regulation Sleeping Bag. 

A bag supplied at the hostel is about 5 feet 6 inches 
from toe to the beginning of the pillow-case with 18 
inches for the pillow-case and an 18-inch flap. The 
width is 2 feet 6 inches. There is a gusset at the top 
to allow extra room for movement. 

If you are short, your bag need not be quite so long, 
but it is inadvisable to make it narrower as it would not 
allow much movement. 


v 


DESIGNING AND MAKING 171 


To Make a Bag from a Sheet 8 feet long 5 feet wide 
` I£ your old sheet is much larger than 8 feet by 5.feet 
cut it, as unnecessary size adds to the weight. If it is 
smaller than this уой will have to join on pets of 
another sheet, or an old pillow-case. ; 





+—-_————— - –8— ————————-- 








Ор. | 
Fold your sheet in half so that the crease is down the 


length of the sheet. Cut down the fold for the top 
4 feet. Turn back 18 inches on one side for a pillow- 


GUSSET 





PILLOW. 
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case, and stitch the sides. Cut off the top 18 inches on 
the other side and use this to make V-shaped gussets 
1 foot long and 10 inches wide (allow 4 inch all round 
for turnings). These gussets can be let in with the 
narrowest part 4 feet from the bottom of the bag. 






1 
PILLOW 


F О 
СА$Е FOLD 


CUT 
EDGE 


One gusset is stitched into the slit which was cut in 
the sheet. The other side is then stitched for 4 feet 
from the bottom and the gusset inserted. Stitch also 
the bottom edges. Hem any raw edges at the top of the 
gusset and blanket flap. 


v 


GARDENING 


GARDENING is a useful hobby which is also very enjoy- 
able, particularly to a keen young gardener who assists 
in the planning as well as the routine work. 


SITE 

If you are planning a school garden your choice of 
site will depend partly on factors other than the con- 
sideration of which part of your school grounds would 
make the best garden. You could not dig up the 
hockey field.. Nevertheless, there may be alternatives 
and you should acquire sufficient knowledge to be able 
to choose the most suitable of the sites available. 

If possible, the ground should be fairly level but a 
slight slope to the south or south-west is good as it 
enables the ground to receive more light and heat from 
the sun’s rays than would be received by a northerly 
slope. 

The diagram shows three lines of equal length repre- ` 
senting a southerly slope, a horizontal direction, and a 
northerly slope. Parallel rays of light from the sun are 


"a PE mA 


PARALLEL RAYS OF LIGHT 
FROM THE SUN 









DISTANCE BETWEEN 
/2 LINES = | UNIT 
173 > 
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‚ Shown by the lines. Notice how many of the rays 
cross each of the three slopes. 

The south-facing slope receives 3 units of light in any 
given length, compared with 2 units received by anorth- 
facing slope of the same length—i.e. the ratio of the 
light received by the south slope to that received by 
the north slope is 3: 2. 

. Even in the summer time the sun is never overhead 
but is in the south at noon. In the winter the rays will 
be very oblique. A tall building or a large tree to the S., 
SE. or SW., of your garden would obscure much of the 

' sun's light. You could choose a completely open site, 
but а building to the N. or NE. would help to shelter it 
from cold winds without obscuring any light. 


PLANNING 

It is impossible to give any detailed instructions for 
planning а garden because so much depends upon indi- 
vidual tastes and conditions, but some general advice 
may be given. 


Lawns AND PATHS 

An open lawn gives a restful view from the house or 
school. : 

"Main paths in a home garden should be about 3 feet 
wide if a wheelbarrow is to be used, and in a school 
garden they should be 5 feet if possible. Paths separat- 
ing small plots, or ornamental paths, may be as narrow 
as 2 feet, but they are difficult to keep in order if less 
than this width. 


Frowr& BEDS : 

In addition to wide borders of shrubs and narrower 
herbaceous borders of perennial and annual flowers, 
you may wish to have display-beds for planting out a 
succession of flowering annuals and biennials raised in 
nursery beds. 


P. 
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A circular bed'is simple to mark out. All points on 
the circumference of a circle are equidistant from the 
centre. See diagram below. 


x FIXED STRONG 
‘STICK DRIVEN INTO 
THE GROUND 


SHARP STICK~> 





WALK ROUND WITH FIXED STICK 
STRING TIGHTLY 
STRETCHED UNTIL 
YOU REACH THE 
STARTING POINT 


You might wish to calculate the number of border 
plants required for a circular bed. You cannot easily 
measure the circumference, but this can be calculated 
from the diameter or longest distance across the bed 
(twice the length of your string if you made the bed as 
shown in the diagram). . 

The Greek letter is to denote the factor by which 
the diameter must be multiplied to obtain the circum- 
ference. It cannot be expressed exactly as a decimal or 
' vulgar fraction but 3} is sufficiently accurate for any 

garden purpose. ' . 

e.g. Diameter = 6' 
-. Circumference = 6’ x 3} = 18’ + 2 = 18%’ or 
approximately 19’ 
If border plants were to be placed 6 inches apart, then 
38 would: be required. 





THE VEGETABLE GARDEN 

To avoid exhausting your soil a rotation of crops 
should be used and you will need three fairly equal plots 
for this, as well as additional space for a seed-bed and 
permanent crops. 
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If you have plenty of space available your garden 
planning can depend on your own tastes. Many schools 
are not in that fortunate position, and the plan shows 
the only available ground at one school, Picardy Girls’ 
Modern School, Kent. It was rough grass on rather 
poor soil and it sloped towards the north, but a group 
of keen girls wanted to help with the food production 
in wartime and they decided to cultivate it. 


The position of the paths was governed by the trees 
which were already there. A grass verge was necessary 
all round the garden as it was impossible to dig right 
up to the asphalt path. It was decided to leave a 3-foot 
annual-flower border facing the school to improve the 


Scale Imm. represents: | fet. 





ASPHALT 


ASPHALT PATH 
SCHOOL BUILDING 


PLAYGROUND 
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appearance of the garden. The plan below shows the 
most convenient vegetable garden which could be made 
on this site. The compost heap was on a piece of ground 
just beyond plot 3. 


Scale Imm. represents 1 ft 


S 





The rotation of crops chosen was: 
A Peas, beans, potatoes, leeks 
B Green vegetables 
C Root crops 


Plot 1 Plot 2 Plot 8 
Ist year А B С 
2nd year B C A. 
3rd year C А в 


Quantities of Manure and Fertilizer 

Vegetable Plot 1 required stable manure. A gardening 
book gave instructions for its application at the rate of 
20 tons per acre. | 
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A y --—23— — - ә 
Area of plot = Average length x breadth = 
29 x 23 sq. ft. 
30 x 23 = 690 .. 29 x 23 = 690 — 23 = 667 
-. Area = 667 sq. ft. = } (667) sq. yds. = 744 
sq. yds. 
1 acre = 4840 sq. yds. 
4840 sq. yds. require 20 x 20 cwt. of manure 

‚„ 20 x 20 x 74 

74 sq. yds. require ———— ——— cwt. = 


4840 
750 cwt. = өх cwt. 6 cwt. would be suffici- 


ently accurate. 


Vegetable Plot 2 of approximately similar area re- 
quired lime. Another reference book suggested that 
fae per sq. rod was a suitable quantity of hydrated 

e. 


1 rod = 54 yds. 
1 sq. rod = 5} x е х n = == 30} sq. yds. 
Approximately 30 sq. yds. requires 9 Ib. lime. 


3X 1515,24 996.959. 5995 


74sq. yds. requires 30 30 30 





` approximately. 
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Lime is usually sold by the stone. 

1 st. = 141Ь. If it was needed for plot 2 alone it would 
be approximately sufficient to buy 14 stone which 
equals 21 lb. 

The whole of the ground devoted to vegetables re- 
quired dressings of fertilizer. Some crops have special 
needs but a good fertilizer for general purposes is made 
from sulphate of ammonia, sulphate of potash and 
superphosphate of lime, mixed together in the ratio of 
1: 1:3 applied at the rate of 4 to 6 oz. per square yard. 

The area of the two parts together of vegetable 
plot 3 was approximately that of plot 1 or plot 2, mak- 
ing the total area under vegetables about 74 x 3 sq. yds. 
= 222 sq. yds. ‘The seed bed, requiring fertilizer had 
area 23 x 7 sq. ft.=161 sq. ft.=18 sq. yds. approxi- . 
mately.’ 

Hence 240 sq. yds. required fertilizer. 

At a rate of 4 oz. per sq. yd. (4 oz. = 4 1b.) $ of 240 Ib. 
were needed == 60 Ib. 

Ratio was 1: 1:3 so that there were 5 parts to the 
mixture + of 60 lb. Therefore 1 part = 12 lb. 

Hence the minimum amount of fertilizer required was 
12 Ib.each of sulphate of ammonia and sulphate of pot- 
ash to 26 Ib. of superphosphate of lime. 1stone of each 
of the first two and 3 stone of the third were bought. 

You may require to calculate the area of a circular 
bed in order to estimate the amount of fertilizer needed. 
The area of a circle = т x radius:—e.g. if the diameter 
of a bed is found to be 10 feet, the radius is 5 feet. 
7. the area is 5°x 3} sq. ft. — 25 x 34 sq. ft. = (75 + 3f) 
sq. ft. = 785 sq. ft. 


Quantities of Seed ` 
Do not order excessive quantities of seed. It is diffi- 
cult to give exact figures, but the table on the next 
page is a rough guide. 
N 
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Quantity of Seed required 





Crop - to sow a 50-ft. row 

Lettuce ith oz. or less 
Brassicas (cabbage, sprouts 

and other green vegetables) i oz. 
Turnips i oz. 
Beet $ oz. 
Carrot Ў i oz. 
Spinach 1-1 oz. 
Radish 4-1 oz. 
Runner beans 4 pint . 
Dwarf beans - 4 pint 
Peas 1 pint 
Broad beans ; 1 pint 
Potatoes ` 7 lb. tubers 


It should be remembered that, in the case of the 
cabbage family, a 50-foot row in the seedbed will pro- 
vide sufficient plants for a row 12-20 times as long. $ oz. 
of cabbage seed contains, on the average, about 2000 
seeds. A small proportion will be unable to germinate, 
others may be destroyed by pests or produce plants 
which are too weak to be suitable for planting out, but 
with care many strong plants can be raised from + oz. 
of seed. 

Flower seeds also require sowing thinly. Unless your 
flower garden is large, you will buy them by the packet 
and not by weight. 


То Calculate the Quantity of Seed Required for a Particular 
Plot 

Example—Consider a potato plot 19 feet long and 
174 feet wide. 
The rows of potatoes should be 24 feet apart, so 7 rows 
can be set and the length of each row is 19 feet. 
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.. the-total length of the rows is 19 x 7 = 133 feet. 
For 50 feet the weight of seed tubers = 7 Ib. Hoe feet 
: 133 931 
the weight of seed tubers = 7 x 50 = 890 = 1855 Ib. 
Usually seed tubers-are sold either by the stone or by 
the pound. You would buy 1 stone and 5 Ib. if the 
separate price quoted per Ib. was less than } of the 
price of à stone. Otherwise you would purchase 14 
stone. 


Testing Seeds for Percentage Germination 

Seeds bought from a reliable seedsman will have been 
tested before sale. However, it is often economical to 
save your own seed. If the seeds are large, you can 
usually tell by their appearance, whether they are 
properly developed, but with very small seeds it is not 
possible. by mere inspection to eliminate those which 
are infertile or which were not sufficiently ripe when 
picked. If you sow poor seed in your garden, you must 
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wait several weeks before you know whether it will 
germinate and this will make a second sowing very 
late. Therefore if you are doubtful about the quality of 
home-saved seed, or old seed, you should test it. 
Because you cannot test the particular’ seeds which 
you are going to sow it is important that your sample 
should be typical. Place your seeds in a shallow dish 
and mix them lightly with ‘your fingers. Then take 
several small pinches at random and from the sample 


DAMP MUSLIN ) SEEDS 








thus obtained count out your seeds for testing. If you 
have plenty of seed you may be able to use a hundred or 
more, but with scarce varieties, ten may be all that you 
can spare. ` 

In a shallow seed pan or old saucer put a layer of 
damp cotton wool on which you set (say) twenty-five 
seeds. A piece of damp muslin with its ends in water 
should be placed over the top of your seed pan to ensure 
that the seeds are continually surrounded by a moist 
atmosphere. 

Place your pan in a warm dark place, and examine it 
daily until no more seeds will germinate. 

Seed fertility is usually expressed as a percentage, 
ie. the average number which will germinate out of 
each hundred seeds. . 

If out of 25 seeds the number of fertile seeds was 19, 
then out of 100 seeds the numiber of fertile seeds would 
be 19 x 109 = 19 x 4 — 76. v. the fertility = 76%. 

More accurate results can be obtained with larger 
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numbers. If you use only 25 seeds, and by chance your 
sample contains only one fertile seed above the average, 
it changes your result by 4%, whereas in a sample of 
300 seeds the error would be only 396. However, you, 
need not sacrifice too many seeds, as a very accurate 
result is not necessary in order to estimate whether to 


‘sow seed thickly or thinly. 


Note—Some seeds require a resting period before they 
will germinate and for this reason seed-testing should 
not be done immediately the seeds are collected. If it 
is delayed. until January or February it can be com- 
pleted before sowing time, and it will provide an indoor 
occupation for those months when the weather pre- 
vents outdoor work from being continued. 


Spraying | 

A garden will not be a success unless precautions are 
taken to protect plants from attacks by insect pests 
and disease fungi. Details of suitable sprays to use 
against particular pests and diseases can be obtained 
from gardening handbooks or from leaflets supplied by 
the Ministry of Agriculture and Fisheries. One example 
only will be given here. 


Bordeaux Mixture is a good fungicide to use against 
potato blight or celery leaf spot. 


Recipe . 

Dissolve 1 lb. copper sulphate in 5 gallons of hot 
water. „Make ‘milk of lime’ from 1 gallon of cold water 
and 1 Ib. of quicklime, and slowly add it to the copper 


` sulphate solution. Add sufficient water to 10 gallons, 


stirring vigorously. The mixture should not be pre- 
pared or stored in a metal vessel. 
For spraying a short row of celery in a small garden 


“an eighth of this quantity would be sufficient. 


8 pints — 4 quarts — 1 gallon. 
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BALANCE SHEET 


RECEIPTS EXPENDITURE 
£s d. £ s.d. в. d. £ 5. d. 
By Loan from Edu- To cost of vegetable 
cation Committee 310 0 seed 

Sales of Produce cost of flower seed 6 3 
surplus plants 60 cost of seed potatoes’ 4 6 
potatoes 14 2 cost of stable manure 10 0 

other vegetables 3 43 cost of limes and fer- 
salad crops 18 0 tilizers 13 3 
5 2 5 cost of insecticides 46 





Miscellaneous (in- 
cluding peasticks, 


twine, etc.) 58 
` —3 0 4 
return of loan to Ed. 
Committee 310 0 
Balance in hand 221 








748 12 5 1812 5 
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Use 2 oz. each of copper sulphate and quicklime and 
replace gallons of water by pints in the recipe. 5 pints 
of water can be measured as 24 quart bottles full. The 
final solution must be made up to 1} galls. (5 qts). 


Crop and Sales Records 

It is necessary for a school gardening club to keep 
careful records of expenses, sales and weight of crops, 
and it is interesting to do the same thing at home. The 
results are usually very satisfying. The school garden . 
described on page 176 made a considerable profit, even 
in the first year, in spite of a poor soil and situation. The 
total expenses (including flower seed) were about £3 and 
the vegetables, although sold at very low prices, fetched 
about £5, giving £2 profit. 

Profit is usually calculated as a percentage of the 
cost price. The profit was $ of 100% or 663%. 

Record your expenses on one sheet and your receipts 
on another. Your crop record should give details for 
each crop separately, but your balance sheet may be 
summarized. Part of a crop record and a sample 
balance sheet are given opposite. 


THE EXPERIMENTAL PLOT 

No keen gardener is content to derive all his informa- 
tion from textbooks and, whilst much knowledge can be 
gained by direct observation of all his crops, their 
' growth depends on so many factors, that more scientific 
tests may be required. 

The golden rule of a successful experiment is to 
attempt to find out only one thing at a time. 

Example—lt carrots are left unthinned after ап 
average sowing it may prevent them from developing . 
fully, yet if the soil is very light, thinning may give the 
remaining plants a set-back. The thinned row may 
give larger carrots but there will be fewer of them. 
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Experiment to find whether thinning increases the weight 
of a crop of carrots 
Diagrams 1, 2 and 3 show three possible ways of 
arranging a plot 8 feet x 4 feet for this experiment. 
Methods 1 and 2 are unsuitable because there might be 
differences of soil, light or moisture between one half 
of the plot and the other. The third arrangement makes 
it most unlikely that the experiment will be affected by 
: chance differences. 
Fig. І. Fig. 2. Fig. 3.- 














к; UU" UNTHINNED ROW OF CARROTS 
боео THINNED ROW OF CARROTS 


The whole plot must be treated in exactly the same 
way except that half the carrots are thinned and the 
other half are left unthinned. 


Sample Result 


Weight of crop of unthinned carrots 41b. 3 oz. = 670z. 

Weight of crop of thinned carrots 51b. 13 oz. 

Increase in weight produced by thinning is 26 oz. or 
: yb. 1002. 
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Expressing this аз a percentage of the weight of the 
unthinned carrots gives 200 = 89% correct to 1 unit. 
Repetition of the experiment for several years will 
give an average result which is very accurate for the 
particular conditions to be found on that plot. Repetition 
on other soils is required before a general inference can 
be made. . 


MAKING SOFT TOYS FROM FELT 


Sort felt toys are very popular with tiny children. 
Felt is easy to work with as the edges do not fray and 
it is not necessary to turn them under, i.e. no turnings 
need be left on your patterns when cutting. 

_ If you are making large numbers of toys of the same 
colour it may be cheaper to buy your felt by the yard, 
but most art-needlework shops sell rectangular pieces 
of various sizes to suit people who require only small 
quantities. 

Any soft stuffing can be used, provided it is clean 
and hygienic. If you live near a wool or cotton mill or 
a hosiery factory you might be able to obtain suitable 
waste material very cheaply, otherwise kapok or cotton 
wool would be suitable. 

Only two toy patterns are given in this chapter, but 
you can obtain others or make them for yourself. To 
make your own pattern for a soft animal or doll, 
measure a real animal or person to find the relative 
proportions. Then make the legs a little wider so that 
the animal will stand easily. In the case of a doll or an 
animal such as Bambi (below) the head should be larger 
than the true proportion, as it is the most interesting 
part. You will find that a young child nearly always 
draws an animal or a person with a relatively large 

head. 

Remember that for any cylindrical part of your toy, 
a section is a circle and the circumference is 34 x 
diameter. ; 
.. In half a pattern the width must be that of the 
diameter, multiplied by half 3}. 
gor Pay 
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Hence a leg appears wide in a pattern as it is 1¢ times 
the desired diameter, and, for the reason mentioned 
above, the diameter must be slightly greater than its 
true proportion. Therefore avoid a beginner’s common 
error of making the limbs of your toy too thin. 


Two FAVOURITE ANIMALS 
Bambi 

I = Body. Cut two. 

2 — Solé of foot. Cut four circles (each 1$ 
inches in diameter). 

3 = Ear and ear-lining. Cut four circles 
(each 33 inches in diameter). 

4 — Under-body. Cut two. 

5 — Head gusset. Cut one. 


Bambi can be made all in one colour but he looks very 
attractive in two shades. Use the darker colour for the 
upper body, head gusset and outer ear, and the lighter 
shade for the under body, soles of feet and ear linings. 

join the parts together with а small oversewing 
stitch, using cotton to match the felt. Leave the centre 
of the under body open until last for the stuffing. The 
circles of felt can be bent to form ears. Eyes can be 
made from small pieces of felt, or embroidered on. Be 
sure to stuff him tightly. E 


Jumbo 
1 = Upper body—Cut two 
2 = Under body—Cut two 
3 = Ear and earlining—Cut four 
4 = Sole of foot—Cut four 
5 = Trunk gusset—Cut one 
6 = Back gusset—Cut one 
7 = Tail—Cut one 
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As the arrangement of these parts is less self-evident 
than in the case of Bambi, they have been lettered so 
that you can see which parts to join together. 


Size—The pattern diagrams are drawn to scale from 
the original patterns. Both length and breadth are 
reduced to a quarter, and hence the area to a sixteenth 
of the original size. The easiest way to make these pat- 
terns is to take paper ruled in one-inch squares and let 
a one-inch square represent évery quatter-inch square 
in this book. You can experiment with other sizes 
provided you keep everything in proportion. 


Quantity of Felt—This is something which you must 
work out for yourself. Inquire at your art-needlework 
shop and make a note of the sizes of the pieces of felt 
they sell. Think out how you can fit in your patterns 
and work out the amount of felt required. 





